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Vapor  deposition  of  single-crystal  silicon  layers  on  a  silicon 

substrate  can  produce  complete  semiconductor  circuits.  Crystal 
below  has  12  layers  of  alternating  p-  and  n-type  silicon.  See  p  55 


A  McGraw-Hill  Publication  75  Cents 


STANDARD  TEST  CIRCUIT 


PULSE 


STOCK 


MINIATURE  STABLE  WOUND  CORE  HERMETIC  MIL-T-27A  TYPE  TF5SX36ZZ 


NQte:  0  »  NuiUgibIt 


H-45,  46,  60  thru  68  are  3  8  cube,  1  gram  H-47  thru  52,  9/16  cube  4  grams  H-53  thru  57,  5  8  cube  6  grams 
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EXPORT  DIVISION:  13  EAST  40lli  STIEn.  »MW  YORK  U.  N.  V.  CASUS:  "ARIAS'’ 


Write  for  Cataiof  for 
full  details  on  tkese 
and  1000  other  stock  items 


►  AND  SPECIAL  UNITS 
TO  YOUR  SPECS 


While  stock  items  cover  special  units  to  customers’ 
low  level  uses  only,  most  needs,  ranging  from  low 
of  UTC’s  production  is  on  levels  to  10  megawatts. 


UTC  miniature,  wound  core,  pulse  transformers 
are  precision  (individually  adjusted  under  test 
conditions),  high  reliability  units,  hermetically 
sealed  by  vacuum  molding  and  suited  for  service 
from  — 70°  C.  to  +130°  C.  Wound  core  structure 
provides  excellent  temperature  stability  (unlike 
ferrite).  Designs  are  high  inductance  type  to  pro¬ 
vide  minimum  of  droop  and  assure  true  pulse 
width,  as  indicated  on  chart  below.  If  used  for 
coupling  circuit  where  minimum  rise  time 
is  important,  use  next  lowest  type  number. 

Rise  time  will  be  that  listed  for  this  lower  ■ 
type  number . . .  droop  will  be  that  listed  I  *1*5 
multiplied  by  ratio  of  actual  pulse  width  H  puis 
to  value  listed  for  this  type  number.  Block-  H 
ing  oscillator  data  listed  is  obtained  in  I  fron 
standard  test  circuits  shown.  Coupling  ■  Sf®| 
data  was  obtained  with  H.  P.  212A  gen-  ■ 
erator  (correlated  where  necessary)  and  H  poir 
source/load  impedance  shown.  1:1:1  ratio.  H 


DEFINITIONS 

Amplitude:  Intersection  of  leading  pulse  edge 
with  smooth  curve  approximating  top  of  pulse. 
Pulse  width:  Microseconds  between  50%  ampli¬ 
tude  points  on  leading  and  trailing  pulse  edges. 
Rise  Time:  Microseconds  required  to  increase 
from  10%  to  90%  amplitude. 

Overshoot:  Percentage  by  which  first  excursion 
of  pulse  exceeds  100%  amplitude. 

Droop:  Percentage  reduction  from  100%  am¬ 
plitude  a  specified  time  after  100%  amplitude 
point. 

BKkswing:  Negative  swing  after  trailing  edge 
as  percentage  of  100%  amplitude. 


BLOCKING  OSCILUTOR  PULSE  |  COUPLING  CIRCUIT  CHARACTERISTICS 


%  %  ’/o  % 

Width  Rise  Over  Droop  Back  P  Width  Volts  Rise  Over  Droop  Back  Imp.  in. 
II  Sec.  Time  Shoot  %  Swing  u  Sec.  Out  Time  Shoot  %  Swing  out,  ohms 


H-ST 

14.5 

17.5 

5.14 

5 

.097  1 

H-M 

42.3 

52.1 

14.8 

10 

.14  1 

Vacuum  Tube  Type  Ratio  1:1: 


Transistor  Type  Ratio  4:4:1 
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Vapor-deposited  crystal  was  grown  by  alternating  p-  and  n-type 
carriers  during  growth  to  form  12  deposited  layers.  See  p  55 
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INTERNATIONAL 
CONVENTION  □  □ 

AND  SHOW 


□  MARCH  20-23  □  □ 

Visitors  from  all  over  the 
world  will  converge  on  the  Coliseum, 
March  20-23,  for  IRE’s  big  Show  and  Inter¬ 
national  Convention.  Join  the  more  than  65,000 
radio-electronics  engineers  who  will  attend! 
□  On  the  Coliseum’s  gigantic  floors 

you’ll  see  the  latest  "T  production  items, 
systems,  instruments  and  components  in  radio¬ 
electronics;  in  radar;  in  complex  air 
traffic  control;  in  space  communica¬ 
tions  —  in  any  and  every 
field  of  radio-engineering  you  care 
to  name.  □  At  the  convention, 
you’ll  trade  ideas  with  brilliant  dele¬ 
gates  from  the  world  of  radio-electronics, 
and  choose  from  amongst  scores  of  papers  to  be 
read  by  experts  in  their  field.  Like  the 
IRE  show,  the  convention  is  both  a 
summing-up  and  a  look  into  the  future! 

Registration:  IRE  members  $1.00 — non-members  $3.00 
No  one  under  18  years  of  age  will  be  admitted. 

Remember  the  occasion,  the  time,  the  place: 


ers  to  be 


INTERNATIONAL  CONVENTION  and  IRE  SHOW  •  WALDORF-ASTORIA  HOTEL  •  COLISEUM  •NEW  YORK  CITY 


M-A-ROH  SO-23  l©ei 
The  Institute  of  Radio  Engineers 

1  East  79th  St.,  New  York  21,  N.  Y. 
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;  Burnell  &  Co.,  our  engineers  sponse  band  pass  characteristics. 

‘  a  big  part  of  their  thinking  to  “Cheerio”  Toroids  —  Subminiature 

ting — reducing  the  size  (and  cost)  high  Q  coils  in  a  range  of  frequencies 

mponents  to  the  least  common  that  make  them  ideal  for  transistorized 

jinator  consistent  with  high  per-  equipment. 

ince  standards.  From  this  staff  have  Crystal  Filters — Advanced  engineer- 

such  components  as:  ing  techniques  enable  Burnell  to  offer  at 

>e  Kernel  ATE  Adjustoroid® —  nominal  cost,  high  selectivity,  high 

krariable  toroid  contains  an  actual  attenuation  crystal  filters  covering  the 

ete  toroid  with  all  the  excellent  extraordinary  range  of  1  kc  to  30  mcs 

cteristics  of  the  non-adjustable  with  considerable  latitude  in  impedance. 

Valuable  in  oscillators,  discrimi-  Pulse  networks,  interference  filters, 

j,  variable  tuned  circuits,  etc.  active  networks  and  magnetic  amplifiers 

ftp  and  Mmp  MicroiD  ®  Filters  ai’e  among  the  newer  additions  to  our 
crominature  counterparts  of  the  product  line, 
ar  Burnell  TCL  and  TCH  low  pass  Write  for  latest  catalog, 

ligh  pass  filters,  they  range  from  Burnell  &  Co.,  Inc.,  haa  a  number  of 

to  100  kc  with  a  standard  imped-  po.<titions  available  for  engineers  capable 

)f  10k  ohms.  Cascading  the  AftP  of  thinking  big  and  shrinking  small. 

the  MHP  produces  excellent  re-  Inquiries  are  invited. 

If  you  haven’t  already  done  so— send  for  your  free  membership  in  the  Space  Shrinkers  Club. 
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PIONEERS  IN  microminictwritation  OF  * 
TOROIDS.  FILTERS  AND  RELATED  NETWORKS 
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TRANSLATIONS  of  articles  in  the  Soviet  press  frequently  cross  our  desk, 
giving  us  insights  into  the  workings  of  the  Soviet  Union  that  our  own 
meagre  knowledge  of  the  Russian  tongue  cannot  provide.  One  such — dis¬ 
cussed  on  p  40 — tells  of  a  drumfire  of  criticism  to  which  the  magazine 
Radiotekhnika  is  presently  being  subjected. 

A  couple  of  the  journal’s  failings — if  the  accusations  are  true — are 
serious.  Its  editors  have  allegedly  pocketed  sums  shaved  off  authors’ 
fees,  refereed  each  others’  articles  and  shown  less  than  scientific  objec¬ 
tivity  in  selecting  articles  for  publication.  These  things  could  happen 
anywhere;  we  cannot  help  feeling,  however,  that — human  nature  being 
the  even  mixture  of  the  angelic  and  diabolic  that  it  is — they’re  more 
likely  to  happen  in  a  monolithic  structure  than  in  such  a  structure  as 
we  know  in  the  U.  S. 

Here  we  have  an  honest  respect  for  money  as  a  medium  of  e.xchange, 
but  we  try  to  separate  the  handling  of  money  from  the  making  of  edi¬ 
torial  decisions;  Electronics’  editors  buy  articles,  for  example,  but  do 
not  write  the  checks.  Our  readership  holds  us  responsible  for  scientific 
objectivity  to  a  degree  that  does  not  permit  favoritism  in  selection  of 
authors  or  material  for  publication.  We  either  keep  ahead  of  the  industry 
on  all  fronts  or  our  readers  go  away  and  seek  elsewhere  for  the  informa¬ 
tion  they  require.  In  the  USSR,  radio  engineers  have  no  other  publica¬ 
tion;  it’s  Radiotekhnika  or  nothing,  competition  being  a  dirty  word  to 
Socialist  planners. 

The  Russian  editors  are  also  being  blasted  for  doctrinal  errors.  It 
seems  that  they  would  not  take  sides  in  an  argument  over  whether  or 
not  the  official  view  on  noise-interference  immunity  was  indeed  the  last 
word.  The  magazine  held  its  silence  on  an  article  discussing  an  “obso- 
leted”  method  of  evaluating  noise  immunity  (by  evaluation  of  signal-noise 
relationships).  Readers  wrote  indignant  letters  pointing  out  that  the 
official  way  was  to  figure  out  the  receiver  system’s  error  probability. 
The  editors  said  either  method  was  feasible.  Now  they’re  the  object  of 
harsh  criticism  because  they  didn’t  properly  lead. 

A  technical  journal,  or  a  magazine  of  industrial  significance,  has  both 
historical  and  normative  responsibilities;  it  must  record  facts  of  impor¬ 
tance.  and,  by  placing  them  in  reasonable  perspective,  indicate  and  sug¬ 
gest  the  paths  of  progress.  Our  position  in  the  editorship  of  Electronics 
is  not  an  “official”  one  (as  it  w'ould  be  in  the  Soviet  Union),  so  we  cannot 
legislate,  we  cannot  throw  material  weight  around,  and  we  cannot  be 
expected  to  observe  any  doctrine  excepting  that  dictated  by  our  own 
common  sense  and  our  understanding  of  truth  as  we  see  it. 

We  do  not  relish  the  plight  of  the  editor  of  Radiotekhnika.  If  he  is 
in  the  right,  we  wish  him  well.  If  his  critics  are  in  the  right,  we  wish 
them  well.  Both  are  no  doubt  searching  for  truth  as  they  see  it;  for 
anyone  who  seeks  after  truth,  we  have  two  wishes:  “Good  luck!”  and 
“Good  eyesight!” 

Coming  In  Our  December  9  Issue 

MEMORY  CELLS.  Growing  sophistication  of  the  problems  programmed 
on  analog  computers  has  given  rise  to  a  need  for  analog-computer  memory 
cells.  In  our  next  issue,  T.  A.  Bickart  and  R.  P.  Dooley  of  Johns  Hopkir.s 
University  Radiation  Laboratory  in  Baltimore  de.scribe  a  simple  circuit 
that  holds  negative-  and  positive-polarity  signal  levels.  Circuit  consists  of 
an  electronic  switch,  differentiator  and  operational  amplifier. 

IN  ADDITION.  A  variety  of  interesting  feature  articles  to  appear  next 
week  includes:  an  image  converter  tube  for  high-speed  photography  by 
T.  Nakamura  and  T.  Kasai  of  Kobe  Kogyo  Corp. ;  a  survey  of  infrared 
detectors  by  J.  A.  Jamieson  of  Aeronutronics;  a  high-precision  sweep 
generator  by  E.  W.  Van  Winkle  of  Bendix;  and  a  technique  for  measuring 
delay  times  by  H.  T.  McAleer  of  General  Radio  Co. 
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CERAMICS  FOR 
TRANSISTOR 
.  CIRCUITS  . 


HYPERCON* 

CAPACITORS 

u  Ultra-high  capacitance 
II  Low  voltage 
I*  Miniature  size 
I*  Low  Cost 


Designed  for  use  in  semi-conductor  and  other  low-voltage  circuits, 
these  new  Hypercon  Disc  Ceramic  Capacitors  o£fer  capacitance  values 
formerly  associated  only  with  electrolytic  capacitors.  Yet  they  are  only 
a  fraction  of  the  size  of  comparable  electrolytics  . . .  and  sold  at  only  a 
fraaion  of  the  cost! 

Hypercons  have  excellent  stability,  exhibiting  no  loss  in  capacitance 
when  operating  above  room  temperature.  Their  triple-purpose  resin 
coating  serves  as  insulation  as  well  as  protection  against  moisture  and 
mechanical  damage. 

Hypercons  are  in  mass  production  now,  available  for  prompt 
delivery.  For  detailed  specfications,  write  for  Engineering  Data 
Sheet  6I4IA  to  Technical  Literature  Section,  Sprague  Electric 
Company,  55  Marshall  Street,  North  Adams,  Massachusetts. 


SPRAQUe  COMMNfNTS;  - 

CAPACITORS  •  RESISTORS  •  MAGNETIC  COMPONENTS  •  TRANSISTORS  •  INTERFERENCE  FILTERS  •  PULSE-FORMING  NETWORKS  •  PIEZOELECTRIC  CERAMICS 
HIGH  TEMPERATURE  MAGNET  WIRE  •  CERAMIC-BASE  PRINTED  NETWORKS  •  PACKAGED  COMPONENT  ASSEMBLIES  •  FUNCTIONAL  DIGITAL  CIRCUITS 


SPRQ6UE 

THE  MARK  OP  RELIABILITY 


\  3  VOLTS  D  C  { 

12  VOLTS  D  C  1 

1 

Diamttar  ; 
In  Indies 

mF 

Diameter  ! 
in  Indies  1 

•1 

.225 

.047 

.75  ‘i 

{  22 

.275 

.1 

.400 

.47 

.400 

.22 

.595 

.595 

!  .47 

.840 

1  2.2 

.840 

i 
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No.  S  of  s  t*ri*t  of  fXR’t  »*u>  prt^ 
e/ttem  mierouiav*  componanti 
da$ig»ad  to  matt  tba  avar-grotaimg 
maadt  of  tba  miaroufava  industry, 

FXR’t  Standard  Step  Attenuator  dif* 
fert  uniqueljr  from  other  standard 
step  attenuators  in  that  the  attenua¬ 
tion  in  a  wareguide  line  can  be 
changed  without  removing  any  com¬ 
ponent  in  the  line.  This  convenient 
feature  adds  significantly  to  measure¬ 
ment  accuracy.  The  attenuation  is 
determined  by  the  sise  of  coupling 
holes  and  not  by  the  resistivity  of  a 
loss-producing  element.  The  attenu¬ 
ation  value  is,  therefore,  independent 
of  time  and  ambient  conditions  and 
is  relatively  constant  with  frequency. 


MODEL 

NO. 

FIEQUENCY 

RANGE 

IMc 

WAVEtttIDE 

noE 

RO-I  )/« 

MICE 

W176A 

7.05-10.0 

51 

8185.00 

X176A 

8.2-12.4 

52 

165.00 

Writa  for  Catalog  Sbaat  No.  176 


COMMENT 


Diffusion 

In  your  Aug.  26  issue  (p  56),  the 
article  entitled  “Transistor  Opera¬ 
tion  Beyond  Cutoff  Frequency,”  by 
V.  W.  Vodicka  and  R.  Zuleeg,  has 
a  very  strange  statement  in  the  first 
paragraph.  Mention  is  made  of 
“Diffusion  type  transistors  with 
graded  base  widths  . .  .”  Would  you 
be  so  kind  as  to  tell  me  what  is 
meant  by  this  statement? 

I  have  heard  of  transistors  with 
graded  base  regions  (drift  transis¬ 
tors),  and  diffusion  transistors 
(with  homogeneous  base  regions). 

I  have  heard  base  width  defined  as 
the  distance  between  emitter  and 
collector.  But  I  have  never  encoun¬ 
tered  the  combination  cited  by 
Messrs.  Vodicka  and  Zuleeg.  A 
proper  translation  would  be  greatly 
appreciated. 

Seymour  Saposnik 
Sprague  Electric 
North  Adams,  Mass. 

Co-author  Zuleeg  replies: 

In  our  original  manuscript,  the 
passage  Mr.  Saposnik  is  referring 
to  read: 

“Although  modern  diffusion  tech¬ 
niques  can  produce  graded  base- 
widths  with  theoretical  frequency 
response  in  the  kilomegacycle  range 
.  .  In  regard  to  semiconductor 
terminology,  the  sentence  was  mis¬ 
construed,  and  the  phrase  in  the 
final  publication  is:  “Diffusion  type 
transistors  with  graded  basewidths 
have  theoretical  frequency  response 
in  the  gigacycle  range  .  . 

Here  the  term  diffusion  is  im¬ 
proper  because  by  definition  a  tran¬ 
sistor  with  a  graded  base  is  a  drift 
transistor  and  a  transistor  without 
a  graded  base  or  homogeneously 
doped  base  is  called  a  diffusion 
transistor. 

The  change  did  refer  to  the  origi¬ 
nal  version  of  diffusion  of  impuri¬ 
ties  and  confused  it  with  the  term 
diffusion  type  transistor,  which  re¬ 
fers  to  the  transport  of  minority 
carriers  in  the  base  of  a  transistor 
by  diffusion.  In  the  case  of  homoge¬ 
neous  base-doping,  e.g.,  for  a  tran¬ 
sistor  with  graded  base,  the  minor¬ 
ity  carrier  transport  is  in  contrast 
mainly  by  drift. 

I  am  sorry  this  misconcept  of 
terminology  arose.  The  sentence  is 


questionable  and  should  have  been 
corrected  to  read:  “Transistors 
with  a  graded  base,  introduced  by 
impurity  diffusion  techniques,  have 
a  theoretical  frequency  response  in 
the  gigacycle  range  .  . 

R.  Zuleeg 

Hughes  Products 
Newport  Beach,  Calif. 

Drift  transistors  are  made  by 
diffusion  of  impurities  into  the 
base  region  to  produce  a  nonuni¬ 
form  field;  a  diffusion  transistor 
cannot,  in  general,  be  made  by  dif¬ 
fusion  processes,  since  they  pro¬ 
duce  nonuniform  fields  in  the  base 
region.  In  this  case,  the  modifier 
“diffused”  and  the  noun  “diffu¬ 
sion”  do  not  have  a  common  refer- 
rent. 


Solid-State  Masers 

In  Fig.  2  of  my  article  “Systems 
Applications  of  Solid-State  Masers” 
(p  58,  Nov.  4),  Mr.  L.  R.  Momo, 
one  of  the  developers  of  the  milli¬ 
meter-wave  maser  he  is  shown  hold¬ 
ing,  is  incorrectly  identified  as  the 
author.  This  robs  Mr.  Momo  of  ap¬ 
propriate  identification  with  the  de¬ 
vice  his  ingenuity  helped  produce, 
and  the  credit  that  justifiably  goes 
with  it. 

In  the  same  caption,  we  said  the 
active  material  was  located  at  the 
end  of  a  dielectric  slab,  which  was 
instead  a  metal  slab  almost  com¬ 
pletely  filling  the  cavity. 

J.  W.  Meyer 

MIT  Lincoln  Laboratory 
Lexington,  Mass. 

Credit  where  due;  we  regret 
mixing  up  Messrs.  Momo  and 
Meyer. 


Army  Electronics 

Congratulations  on  your  splen¬ 
did  article  on  Ft.  Huachuca  and  the 
Army  electronics  program  (p  38, 
Nov.  11). 

One  correction :  the  photo  on  p  38 
shows  Ford  Instrument  Co.'s  sur¬ 
veillance  aircraft  flight  control  sys¬ 
tem  AN/UPW-1;  the  photo  was  in¬ 
correctly  captioned  as  to  equipment 
type  and  manufacturer. 

S.  H.  McAloney 
Ford  Instrument  Co. 

Division  of  Sperry  Rand  Corp. 
New  York,  New  York 
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Germanium  PNP  Alloy  Type  TRANSISTORS 


2S26  For  Audio  Frequency  Power  Amplificitlon 
2S4S  For  Intermediate  Frequency  Amplifier  Service 

2SS2  For  Converter  Service 

2SA49  For  Intermediate  Frequency  Amplifier  Service 

2SA50  For  Switching  Purpose 

2SA52  For  Converter  Service 

2SA53  For  Intermediate  Frequency  Amplifier  Service 

2SB26  For  Audio  Frequency  Power  Amplification 
2SB47  Low  Noise  Factor  with  Audio  Frequency  Amplifier 


2SB56  For 
2SB189  For 


Audio  Frequency  Power  Amplifier  Service 
Medium  Power  Output  Service 


Garmanium  PNP  Alloy  Typo  DRIFT  TRANSISTORS 

2SAS7  For  High  Frequency  Amplifier  Service 
2SAS8  For  High  Frequency  Amplifier  Service 
2SAS9  For  High  Frequency  Amplifier  Service 
2SA60  For  Converter  Service 
2SA92  For  Local  Oscillator  Service 

2SA93  For  Miier  Services 


2SBS4  For  Low  Frequency  Amplifier  Service 


2SA175  For  High  Frequency  Amplifier  Service 


^/S3uba 


For  complete  information,  write  to 

TOKYO  SHIBAURA  ELECTRIC  CO.,  LTD. 

2,  Ginza  Nishi  5-chome,  Chuo-ku,  Tokyo,  Japan 
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TRIG  A  Mark-F  now  in  operation  at  General  Atomic. 


TheTRIGA  Mark-F  Pulsing  Reactor 


General  Atomic  Division  of  General  Dynamics  Corporation  is 
pleased  to  announce  a  new  addition  to  its  TRIGA  family  of 
reactors — the  TRIGA  Mark-F  Pulsing  Reactor. 

The  TRIGA  Mark-F,  developed  by  General  Atomic,  is  especially 
designed  to  yield  short  reproducible  pulses  of  neutrons  and  gamma 
rays  for  use  in  nuclear  effects  research  and  testing.  It  is  capable 

I 

of  being  pulsed  repetitively  to  peak  power  levels  of  over  2,000,000 
kilowatts  with  half-maximum  pulse  widths  of  10  msec,  owing  to  the 
inherent  characteristics  of  the  TRIGA  reactor’s  unique  uranium- 
zirconium  hydride  fuel  elements.  During  pulsed  operation,  a  maximum 
flux  of  6  X  10’®  neutrons/cm--sec.  can  be  achieved.  The  Mark-F 
design  permits  variation  of  neutron  to  gamma  dose  ratios 
by  a  factor  of  ten  and  provides  for  a  large,  easily  accessible  exposure 
window  immediately  adjacent  to  the  core. 

A  prototype  of  the  TRIGA  Mark-F  was  placed  in  operation  the 
summer  of  1960,  and  construction  of  two  such  reactors  will  be 
completed  in  1961  for  the  United  States  Government,  including  one 
for  the  U.S.  Army’s  Diamond  Ordnance  Fuze  Laboratories.  Other 
versions  of  the  TRIGA  include  the  TRIGA  Mark  I  and  Mark  II 
reactors — for  training,  research  and  isotope  production — which  are 
now  in  use,  or  soon  will  be,  on  five  of  the  six  continents. 

For  more  information  on  the  TRIGA  Mark-F,  write  to; 

TRIGA  Applications  Group,  General  Atomic, 

P.O.  Box  608,  San  Diego  12,  California 
Openings  for  electronic  and  electrical  engineers. 

Write:  Manager  of  Personnel,  General  Atomic. 
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ELECTRONICS  NEWSLETTER 


Infrared  and  Tv 
Are  “Eyes”  of  Tiros  II 

WEATHER  SATELLITE  Tiros  II,  put 
into  orbit  last  week  by  the  National 
Aeronautics  &  Space  Administra¬ 
tion,  provides  both  photographic 
data  from  tv  cameras  and  infrared 
measurements  of  earth's  tempera¬ 
ture  and  cloud  cover. 

The  280-lb  cylindrical  satellite  is 
42  inches  in  diameter  and  19  inches 
deep.  Equipment  aboard  includes: 
two  tv  cameras,  i-in.  vidicon  type; 
two  tv  magnetic  tape  recorders,  ca¬ 
pacity  32  pictures  per  orbit;  one 
5-channel  infrared  radiometer;  one 
wide-field  nonscanning  ir  sensor; 
one  ir  electronics  package,  including 
tape  recorder,  transmitter  and 
power  supply;  two  electronic  clocks 
for  control  of  systems  operations; 
two  2-watt  f-m  transmitters  for  tv 
and  ir  data;  two  beacon  transmit¬ 
ters  for  tracking  and  transmission 
of  telemetry  and  vehicle  attitude 
data. 

Power  supply  consists  of  9,200 
solar  cells,  with  outputs  of  28  and 
14  volts,  and  63  nickel-cadmium 
storage  batteries,  rechargeable 
from  solar-cell  power  supply. 

Dynamic  control  system  slowed 
the  satellite  from  126  rpm  on  re¬ 
lease  to  its  stabilizing  spin  of  9  rpm. 
Five  pairs  of  rockets  provide  addi¬ 
tional  controls  for  spin-up  if 
needed.  Reference  indicators  are 
one  ir  horizon  scanner,  to  generate 
a  pulse  for  orientation  information 
as  the  scanner  crosses  earth’s  hori¬ 
zon;  nine  sun-angle  detectors 
mounted  around  the  satellite  perim¬ 
eter  to  determine  angle  of  sun  at 
picture-taking. 

Antennas  are  four  transmitting 
antenna  rods,  mounted  on  bottom  of 
satellite,  forming  crossed  dipoles 
for  all  data  transmission;  and  one 
receiving  antenna  rod,  mounted  on 
top  center  of  satellite. 

Hear  Hum  or  Buzz 
In  Microwave  Fields 

BEHAVIORAL  EFFECTS  of  microwave 
and  other  r-f  fields  on  human  beings 
are  being  explored  at  GE’s  ad¬ 
vanced  electronics  center  in  Ithaca, 
N.  Y.  One  recent  investigation  may 
demonstrate  that  resonance  effects 


in  the  human  body  do  occur  under 
the  proper  circumstances. 

Checking  reports  that  people  hear 
a  humming  or  buzzing  while  in  r-f 
fields  from  radar  sets,  the  GE  re¬ 
searchers  discovered  that  a  hum  is 
heard  by  many  people,  but  not  those 
with  nerve-block  deafness,  indicat¬ 
ing  that  the  effect  is  not  taking 
place  in  the  central  nervous  system. 
They  also  found  that  the  effect, 
which  may  be  caused  by  a  harmonic 
of  the  prf,  can  be  shielded  out.  Re¬ 
searchers  feel  that  it  may  be  either 
a  resonance  phenomenon  or  the 
Luxemburg  effect — in  which  r-f  in¬ 
duces  sound  in  an  ionized  medium. 
Air  trapped  in  the  inner  ear  may  be 
sufficiently  ionized  to  evince  the 
effect. 

Phenomenon  has  been  observed  at 
levels  as  low  as  0.4  milliwatt  per 
square  centimeter,  equivalent  to  an 
energy  level  of  1.8  microjoules. 

Balloon  Tests  Instruments 
For  Future  Tiros’s 

AS  TIROS  LOFTED  last  week,  a  giant 
balloon  rose  in  South  Dakota  carry¬ 
ing  equipment  designed  for  future 
use  in  Tiros  satellites. 

Test  package  was  made  by  re¬ 
searchers  at  University  of  Michi¬ 
gan,  included  advanced  types  of 
infrared  sensors  and  other  atmos¬ 
pheric  sampling  instruments.  Pack¬ 
age  was  dropped  by  parachute  some 
twelve  hours  after  launch. 

Air  Agency  Postpones 
50-Kc  Deployment 

FEDERAL  AVIATION  AGENCY  last  week 
announced  a  revision  of  its  vhf  de¬ 
ployment  plan  which  will  extend  un¬ 
til  Jan.  1,  1966,  the  date  when  the 
agency  will  have  its  channel  assign¬ 
ments  separated  by  only  50  kc.  Both 
visual  and  instrument  fiight-rule 
communications  will  continue  to  use 
100-Kc  channel  separation  in  the 
118-127  Me  band  until  then.  Vfr 
communications  will  continue  there¬ 
after  with  that  separation  “to  the 
extent  feasible.’’  Plan  provides  for 
50-Kc  channeling  in  the  127-135  Me 
band  for  users  who  have  that  tun¬ 
ing  capability. 

Beginning  next  Jan.  1,  frequency 
assignments  with  50-Kc  separation 


will  be  made  below  127  Me  on  a 
case-by-case  basis.  Until  the  end  of 
1965,  however,  the  air  agency  fig¬ 
ures  that  most  50-Kc  channel  as¬ 
signments  w’ill  be  made  in  high- 
density  traffic  areas. 

Hospital  Installs 
Patient-Monitoring  System 

REMOTE  ELECTRONIC  system  which 
displays  and  records  condition  of 
eight  patients  in  a  critical-care 
ward  is  now  being  evaluated  by 
Roosevelt  Hospital  in  New  York 
City.  System  was  developed  by 
Epsco. 

Transducers  and  electrodes  at¬ 
tached  to  the  patient  provide  data 
on  continuous  pulse  rate,  respira¬ 
tion  rate  and  temperature,  as  well 
as  input  signals  for  electrocardio¬ 
graphs  and  electroencephalographs. 
These  physiological  processes  can  be 
checked  by  nurses  viewing  a  central 
electronic  observation  panel. 

Similar  monitoring  systems  for 
operating  and  recovery  rooms  are 
also  being  developed  by  Epsco  to 
provide  anesthetists  with  additional 
data  such  as  oxygen  saturation  and 
tension,  direct  blood  pressure,  and 
respiration  carbon  dioxide. 

Weather  System 
Moving  on  Schedule 

SEMIAUTOMATIC  WEATHER  forecast¬ 
ing  and  ob.serving  system  being  de¬ 
veloped  by  United  Aircraft  and 
designated  the  433L,  system  is  pro¬ 
gressing  on  schedule.  A  test  facility 
will  be  in  operation  along  the  Atlan¬ 
tic  coast  by  mid-1961,  according  to 
UA  spokesman. 

Test  network  of  weather  stations 
extending  from  Boston  to  Washing¬ 
ton,  D.  C.,  is  being  readied  for  the 
start  of  the  program.  An  interim 
data-processing  center  is  in  opera¬ 
tion,  and  most  subsystem  designs 
are  completed.  Hermes  Electronics 
is  analyzing  the  data-handling  prob¬ 
lem  and  working  out  the  data-flow 
design ;  Philco  is  developing  display 
and  presentation  gear,  besides  sup¬ 
plying  high-speed  computer  equip¬ 
ment;  Tele-Dynamics  division  of 
American  Bosch  Arma  is  providing 
engineering  support;  Western 
Union  is  providing  engineering  as¬ 
sistance  in  high-speed  digital  data 
handling.  Both  Philco  2000  and  IBM 
704  computer  systems  will  be  used. 

(Continued  on  page  10) 
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Plasma  Fireballs 
May  Be  Future  Weapon 

SOVIET  NUCLEAR  PHYSICISTS  and 
U.  S.  researchers  are  both  working 
currently  on  a  theory  that  artificial 
balls  of  lightning  can  be  created  by 
a  powerful  sustained  r-f  beam  fo¬ 
cused  in  a  small  volume  of  space. 

Peter  Kapitsa,  Soviet  physicist, 
theorizes  that  a  natural  lightning 
ball  (St.  Elmo’s  Fire)  is  a  mass  of 
highly  ionized  plasma  fed  continu¬ 
ously  from  resonance  absorption  of 
intense  radio  waves.  Natural  light¬ 
ning  is  from  10  to  20  centimeters  in 
diameter,  indicating  a  feeding 
wavelength  of  about  35  to  70  cm. 
Plasma  researchers  in  the  U.  S. 
think  that  a  plasma  fireball  may 
be  the  fantastic  future  weapon 
Khrushchev  boasted  about  recently. 

U.  S.  techniques  explored  at  Ar¬ 
mour  Research  Foundation  would 
use  intersecting  radar  beams  to  cre¬ 
ate  these  fireballs;  the  radar  beam 
would  confine  the  fireball  in  space, 
permit  moving  it  from  place  to 
place.  Bendix  is  known  to  have  cre¬ 
ated  a  fireball  by  means  of  a  power¬ 
ful  radar  and  a  reflector,  which  set 
up  standing  waves  to  ionize  the  air. 

Nationwide  Net  May  Link 
Data-Processing  Systems 

NATIONWIDE  electronics  net  for 
transmitting  business,  industrial 
and  scientific  data  could  result  from 
greater  attention  being  given  the 
data-processing  business  by  com¬ 
munications  companies.  Collins  Ra¬ 
dio,  for  instance,  has  just  an¬ 
nounced  a  new  communications  and 
processing  division  which  will  con¬ 
centrate  on  just  such  a  project. 

Success  of  pilot  project,  set  up  to 
perform  computing  services  for 
company  affiliates,  would  encourage 
Collins  to  undertake  outside  service 
contracts  for  a  few  selected  sub¬ 
scribers  within  the  next  two  years, 
according  to  president  A.  A.  Collins. 
“Design  of  our  systems  communica¬ 
tions  and  data-processing  equip¬ 
ment  anticipates  the  day  when  vir¬ 
tually  all  forms  of  intelligence  will 
be  conveyed  automatically,”  he 
said. 

Present  center,  to  be  housed 
in  nearly-completed  million-dollar 


building,  consists  of  automatic 
switching  and  control  equipment 
providing  intracompany  voice,  tele¬ 
typewriter  and  data  communica¬ 
tions,  by  wire  lines  and  both  point- 
to-point  and  air-to-ground  radio, 
between  central  data  processor  in 
Cedar  Rapids,  la.,  and  subsidiary 
plant  in  Toronto.  Additional  links 
are  being  established  with  sub¬ 
scriber  stations  in  Los  Angeles, 
Dallas,  Washington,  D.  C.,  and  New 
York, 


Air  Defense  Takes  Over 
Space  Surveillance 

SPACE  SURVEILLANCE  detection  net¬ 
work  SPASDR,  extending  from  San 
Diego  to  Georgia,  and  the  National 
Space  Surveillance  Control  Center 
(Spacetrack)  have  been  transferred 
to  Continental  Air  Defense  Com¬ 
mand.  SPASUR  was  developed  by 
the  Navy  to  discover,  identify  and 
predict  orbits  for  “dark”  or  non¬ 
radiating  satellites.  It  and  Space- 
track,  to  which  SPASUR  reported, 
were  formerly  under  control  of  Ad¬ 
vanced  Research  Projects  Agency 
of  the  Defense  Department. 

Reshuffle  gives  CONAD  direct 
control  over  space  surveillance,  sep¬ 
arates  even  further  the  military  and 
civilian  aspects  of  space.  Informa¬ 
tion  on  space  projects  previously 
handled  by  Spacetrack  for  civilian 
engineers  will  now  be  handled  by 
National  Aeronautics  &  Space  Ad¬ 
ministration. 


Instruments  Speed  Up 
Expressway  Construction 

ELECTRONIC  AND  NUCLEAR  PROBES 
are  important  parts  of  crews  work¬ 
ing  on  the  Milwaukee  Expressway 
for  Wisconsin  State  Highway  Com¬ 
mission. 

One  portable  nuclear  probe  uses 
radiation  from  cesium  tablet  to  look 
into  hills  and  locate  rock  formations 
in  path  of  road  cuts,  look  at  stream 
bottoms  to  find  rock  or  hardpan  on 
which  bridge  piers  could  rest,  and 
finally  check  thickness  of  the  fin¬ 
ished  roadbed.  Alternate  probe  sub¬ 
stitutes  radium-beryllium  source  of 
neutrons  to  measure  soil  moisture. 


A  third  device  measures  resistivity 
of  soil  by  beaming  current  between 
electrodes. 

Geodimeter  measures  distances 
down  to  small  fraction  of  an  inch 
over  several  miles  by  beaming  a 
light  source  to  a  reflector  over 
downtown  areas  where  buildings 
make  measurement  difficult.  Com¬ 
puters  are  used  to  figure  the  amount 
of  earth  that  must  be  excavated 
from  hills,  how  much  fill  will  be 
needed  for  valleys. 


Radiometer  Proposed  to 
Detect  Icebergs 

RADIOMETER  SYSTEM  Was  proposed 
to  the  U.  S.  Coast  Guard  in  Wash¬ 
ington  this  week  for  use  by  Inter¬ 
national  Ice  Patrol  in  detecting  ice¬ 
bergs. 

Developed  by  AC  Sparkplug  di¬ 
vision.  of  General  Motors,  the  pas¬ 
sive  system  includes  an  airborne 
transmitter  and  receiver.  Differ¬ 
ences  in  thermal  energy  return 
from  bergs  and  water  surfaces  are 
plotted  on  moving  tape. 


Researcher  Probes 
Causes  of  Migraine 

ELECTRONIC  DETECTOR  of  wasted 
human  energy  is  helping  Nell  Fah- 
rion,  psychology  teacher  at  Univer¬ 
sity  of  Colorado,  find  out  whether 
diffused  activity  should  be  blamed 
for  migraine  headaches. 

Recording  instrument  made  to 
Miss  Fahrion’s  specifications  by  a 
Denver  engineering  firm  for  her 
project  includes  a  polygraph  con¬ 
nected  to  small  metal  box  fitted  with 
two  flat  levers.  The  equipment  is 
similar  to  a  lie  detector. 

Right-handed  person  being  tested 
places  hands  on  levers,  is  then  asked 
to  respond  to  certain  questions  or 
stimuli  by  depressing  the  right- 
hand  lever.  Any  activity  by  the  sup¬ 
posedly  motionless  left  hand  is 
picked  up,  amplified  and  measured 
by  electronic  circuits. 

Miss  Fahrion  is  also  looking  for 
additional  equipment  to  measure 
cranial  blood  pressure  and  volume 
changes. 
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In  A-L  Silectron®  (iron-silicon  alloy)  steels  the  grains  are 
oriented  so  that  magnetization  is  easiest  in  the  direction  of 
rolling.  For  example,  the  core  loss  of  .014  inch  thick 
Silectron,  Grade  66  (AISI  M-6),  is  only  .659  watts  per 
pound  measured  in  the  direction  of  rolling  compared  to 
1.11  watts  pet  pound  of  non-oriented  transformer  grade 
steel.  (Both  measurements  made  at  15  kilogausses  and  60 
cycles  pet  second.) 

While  core  designs  should  minimize  the  length  of  flux 
paths  which  are  not  parallel  to  the  rolling  direction,  Allegheny 
Ludlum  Silectron  is  so  superior  to  all  non-oriented  grades 
that  you  can  achieve  better  results  with  it  even  when  20 
percent  or  more  of  the  flux  path  is  cross  grain.  Small  scrap¬ 
less  El  Silectron  laminations  in  which  only  the  back  of  the 
£  is  cross  grain  are  superior  to  the  best  conventional  grades 
of  silicon  steels. 


A-L  Silecuon  is  available  in  wide  coils  or  in  slit  widths 
as  narrow  as  Vi  inch.  For  large  power  transformers  use  14  mil 
Silectron.  It’s  heat  flattened  to  eliminate  coil  set  and  has 
very  good  (C-IO)  insulation.  For  wound  cores  unflattened 
12  mil  Silectron  is  a  good  choice.  Its  natural  insulating  coat¬ 
ing,  developed  in  a  high  temperature  hydrogen  anneal,  is 
well  suited  for  narrow  widths.  The  12  mil  Silectron  is  also 
available  with  the  same  flattening  and  insulation  as  14  mil. 

Cores  are  more  uniformly  stacked  and  wound  when  you 
use  Silectron  because  of  its  excellent  gage  uniformity. 
Magnetostriction  is  held  to  a  minimum  to  prevent  excessive 
noise  levels. 

Allegheny  Ludlum  Silectron  is  quality  processed  to  give 
you  consistently  low  cote  losses.  For  more  technical  infor¬ 
mation,  contact  your  A-L  salesman,  or  write:  Allegheny  Ljtd- 
lum  Steel  Corporation,  Oliver  Building,  Pittsburgh  22, 
Pennsylvania.  Dept,  00-00. 


Allegheny  Ludlum 

PIONEERING  ON  THE  HORIZONS  OF  STEEL 


ELECTRONICS  ABROAD 


Electronics  Training 
UK  Language  Students 

LONDON — Four-week  courses  in  In¬ 
donesian  are  being  given  to  Shell 
International  employees  headed 
east.  Tape  recording  and  intercom 
gear  is  being  used.  Equipment 
adapted  for  the  training  is  based 
on  U.  S.  systems  of  electronic  edu¬ 
cation.  It  is  made  by  General  Elec¬ 
tronic  Labs.,  Cambridge,  Mass.  Stu¬ 
dents  speak  into  tape  recorders  or 
directly  to  instructor  (.see  photo), 
who  monitors  individual  progress 
without  disturbing  the  others.  Shell 
officials  say  the  new  system  cuts 
language  training  costs  by  one- 
tenth. 

Dutch  Prepared  to  Join 
Space  Research  Plans 

AMSTERDAM — Netherlands  officials 
are  reportedly  ready  in  principle  to 
join  in  a  cooperative  plan  to  develop 
a  space  research  rocket  program 
within  a  European  framework.  The 
idea  was  sparked  by  British  Air 
Minister  Thornycroft,  who  is  seek¬ 
ing  a  new  u.se  for  the  Bluestreak 
rocket.  This  rocket  was  originally 
intended  for  military  use,  but 
dropped  by  England  as  too  expen¬ 
sive.  The  Dutch  say  that  if  the 
Thornycroft  plan  becomes  opera¬ 
tional  they  will  join  in  the  multi 
nation  discussions. 

AKso  from  Amsterdam  comes 
w’ord  of  a  new  automated  library 
system  being  readied  for  installa¬ 
tion  at  Delft  Technical  University. 
Students  will  consult  catalogs  then 
dial  code  numbers  of  the  books  on 
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a  telephone-type  dial.  This  will 
light  lamps  inside  the  library  stacks 
showing  the  location  of  the  book 
selected  by  bookcase,  shelf  and  posi¬ 
tion  on  the  shelf.  A  conveyor  belt 
will  next  move  the  book  to  the  lend¬ 
ing  desk.  The  Delft  library  already 
includes  telex  links  with  other  uni¬ 
versity  and  technical  libraries  in 
Holland  among  its  operational 
equipment. 


French  Reactor  Site 
To  Get  New  Controls 

PARIS — Transistorized  control  in¬ 
strumentation  for  measuring  log¬ 
arithmic  power  increase  and  peri¬ 
odicity  in  ionization  and  fission 
chambers  is  being  developed  by  the 
Grenoble  Re.search  Center  of  the 
Commissariat  a  L’Energie  Atom- 
ique.  First  units  w’ill  be  installed 
in  the  Melusine  swimming  pool  re¬ 
actors  at  Grenoble  and  Fontenay- 
Aux-Roses.  CEA  has  not  said  when 
installation  will  start. 


Japanese  Researchers  Cite 
New  Breakthroughs 

TOKYO — Japanese  scientists  in  gov¬ 
ernment  laboratories  appear  to  be 
on  the  brink  of  several  new  break¬ 
throughs  in  electronics.  This  week. 
Futoshi  Onodera.  a  32-year-old  as- 
si.stant  at  Tohoku  University  at 
Sendai,  claims  successful  experi¬ 
mental  manufacture  of  a  new  semi¬ 
conductor  film-type  cryotron  based 
on  an  American  discovery. 

Shigeru  Takahashi,  chief  of  the 
circuits  section  of  the  Ministry  of 
International  Trade  and  Industry 
laboratories,  reports  nearing  com¬ 
pletion  of  a  tunnel-diode  matrix  for 
his  Mark-VI  computer.  The  section 
chief  claims  the  new  matrix  will 
better  transistor  speeds  10  times  at 
0.2  microsecond.  He  and  his  assist¬ 
ants  al.so  have  almost  completed  a 
Mark-IV  computer  based  on  re¬ 
search  done  at  New  York  Univer¬ 
sity  but  not  previously  incorporated 
in  computers. 

At  Tokyo  University,  Prof.  Eii- 
chi  Goto  is  completing  research  on 
a  new  parametron  semiconductor 
(Japanese-invented)  that  is  ex¬ 
pected  to  compensate  for  the  slow 


characteristics  of  certain  types. 

Combined  with  current  negotia¬ 
tions  between  U.  S.  and  Japanese 
computer  interests,  observers  feel 
these  breakthroughs  may  give  the 
Japanese  widened  horizons  in  the 
computer  field. 

Northern  Ireland  Gets 
Space  Research  Center 

BELFAST — Agreement  has  been 
signed  by  the  Chancellor  of  Queen’s 
University  and  the  U.  S.  Navy  Eu¬ 
ropean  Re.search  Contracts  office 
acting  for  the  Advanced  Projects 
Re.search  Agency.  The  university 
will  receive  the  largest  financial 
backing  ever  made  by  the  U.  S.  for 
space  research  work  in  western  Eu¬ 
rope.  Funds  include  $150,000  for  a 
digital  computer  and  money  for 
additional  re.search  personnel.  A 
.special  building  will  be  made  to 
house  the  computer  and  the  univer¬ 
sity  will  establish  a  new  lectureship 
in  digital  computing.  About  $200,- 
000  will  be  spent  the  first  year  and 
.spending  will  probably  continue  at 
about  $56,000  annually. 

More  Electronics  Firms 
Moving  Into  Italy 

MILAN — One  British  and  one  Amer¬ 
ican  company  are  joining  the  grow¬ 
ing  roster  of  electronics  companies 
moving  into  Italy.  Pye,  Ltd.,  major 
British  tv,  radio  and  electronics 
manufacturer,  will  start  limited 
production  of  its  lines  this  month 
in  a  newly-acquired  plant  near 
Milan  that  could  be  the  future  basis 
of  all  Pye  export  production.  C.  O. 
Stanley,  company  chairman,  says 
the  factory  will  be  an  inroad  to 
the  Common  Market  area.  Initial 
products  will  be  appliances,  com¬ 
munications  gear  and  specialized 
radio  and  telephone  equipment. 

New’  Milanese  company,  Marelli- 
Lenkurt,  has  been  formed  through 
General  Telephone  &  Electronics’ 
purchase  of  majority  interest  of 
Magnetti  Marelli.  The  company  will 
make  microwave  radio  equipment, 
carrier  apparatus  and  transmission 
equipment.  Company  officials  say 
the  European  communications  mar¬ 
ket  is  “a  most  promising  area.” 

electronics 


INHERENT  STABILITY 

Assured  in  a  DALOHM  Series  600  or  1500  Trimmer  Potentiometer 


The  ability  to  perform  reliably  under  extreme 
conditions  of  heat  and  humidity  is  only  one 
mark  of  the  inherent  stability  that  is  standard  in 
Dalohm  trimmer  potentiometers. 

Stored  on  the  shelf  for  months ...  or  placed 
under  continuous  load  . . .  operating  in  severe 
environmental,  shock,  vibration  and  humidity 


conditions . . .  Dalohm  precision  trimmer  poten¬ 
tiometers  retain  their  stability  because  it  has 
been  “firmly  infixed”  by  Dalohm  design  and 
methods  of  manufacture. 

For  all  applications  demanding  trimmer  poten¬ 
tiometers  that  meet  or  surpass  MIL  specifica¬ 
tions,  you  can  depend  on  Dalohm. 


WIRE  WOUND  •  SEALED  •  HI6H  POWER  •  DALOHM 
SERIES  600  AND  1500  TRIMMER  POTENTIOMETERS 


Sub-miniature  and  miniature 
sizes  with  sealed  cases.  Four 
terminal  configurations  provide 
the  solutions  for  demanding 
design  problems. 

600  1600 

loted  ot  ...1  wott  I  wQtl 

Inhtonct 

ronqt  . 10  otims  to  30K  ohms  10  ohms  to  SOK  ohms 

Stondord 

toloronco  ...  —  5%  — 

Siio  . 180"  I  .300"  1  1.000"  .180"  i  .300"  i  1.25'' 

S<ro« 

odjostmont  ..15  —  2  rooolutions  25  —  2  rovolutions 
I  Woight  . 2  grams  2.5  groms 


•  Completely  sealed  against  moisture. 

•  Meet  humidity  requirements  of  MIL- 
STD-202A,  Method  106A. 

•  End  resistance  is  1  *4,  or  1  ohm. 

•  Nominal  resolution  of  Series  600  is 
from  0.2*4  to  1.82*4,  depending 
on  value;  nominal  resolution  of 
Series  1500  is  from  0.12*4  to 
1.12*4. 

•  Temperature  coefficient  is 
50  PPM/®  C. 

•  Manufactured  to  meet  the  func¬ 
tional  requirements  of  MIL-R-27208 
and  MIL-R-22097. 


Write  for  Bulletins  R-41  and  R-44,  with  handy  cross-reference  file  cards. 


SPECIAL  PROBLEMS? 

You  can  depend  on  DALOHM,  too,  for 
help  in  solving  any  special  problem  in  the 
realm  of  development,  engineering,  design 
and  production.  Chances  are  you  can 
find  the  answer  in  our  standard  line  of 
precision  resistors  (wire  wound,  metal 
film  and  deposited  carbon);  trimmer 
potentiometers;  resistor  networks;  collet¬ 
fitting  knobs;  and  hysteresis  motors.  If 
not,  just  outline  your  speciSc  situation. 


IdALE  ELEGTRONIGSJnc. 

PO«N8ACMtV  OALC  PItOOOCTS  Inc 

1300  28th  Ave.,  Columbus,  Nebr 


INSTRUMENTS,  INC. 


December  2,  1960 
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Royal  has  the  skills  and  capacities  to 
satisfy  your  coaxial  or  multi-conductor  | 
cable  requirements  .  .  .  for  electronic  I 
equipment,  military  applications,  or  ; 

community  TV  in-  i 
stallations.  Take  a  j 
look  at  the  Royal  line  ; 
. . .  write  for  Bulletin 
4C-3-L  listing  stock  | 
constructions.  Or  let 
us  quote  on  your  spe-  | 
cial  requirements.  I 
ROYAL  ELECTRIC  CORPORATION 
301  SaratogQ  Avenue 
PAWTUCKET  •  RHODE  ISLAND 

in  Canada:  Royal  EUctric  Company  (Quebec)  ltd., 
Poinle-Claire,  Quebec 


WASHINGTON  OUTLOOK 

EISENHOWER’S  final  defense  budget,  covering  the  fiscal  year  starting  next 
July  1,  will  provide  for  an  increa.se  of  at  least  $1  billion  in  expenditures 
over  the  current  $41.5  billion  level,  and  will  request  roughly  the  same 
appropriation  of  new  funds  ($41.2  billion)  voted  by  Congress  this  year. 

Administration  insiders  call  the  new  defense  budge  a  tight  one,  and 
say  the  President  has  ordered  the  Pentagon  to  continue  to  hold  down 
spending  as  firmly  as  po.ssible.  The  President  is  determined  to  send  his 
own  kind  of  military  program  to  Congress.  His  program  is  essentially  a 
continuation  of  his  past  policies. 

Eisenhower  is  making  no  changes  because  of  the  election.  Indeed,  says 
one  official:  “The  budget  will  be  tighter  than  if  the  Republicans  had 
’  I'on.  We  don’t  hai'e  to  accommodate  to  Ni.ron’s  views  now."  His  point  is 
this:  Nixon  had  much  to  do  with  the  rise  to  $.500  million  in  new  contract¬ 
ing  schedules  since  the  July  political  conventions. 

The  proposed  increases  in  outlays  do  not  represent  any  important  new 
program  expansions  beyond  the  ones  already  in  the  works,  such  as  Polaris, 
Titan  and  Minuteman.  Much  of  the  increase  in  outlays  will  cover  the 
extra  costs  of  the  recent  contracting  stepup.  A  large  chunk  will  represent 
increased  personnel  and  operating  costs  to  maintain  pre.sent  force  levels. 

MOST  WASHINGTON  OBSERVERS  regard  Eisenhower’s  military  budget  prepa¬ 
rations  as  .so  much  paper-shuffling.  The  generals  and  admirals  are  expect¬ 
ing  lots  of  additional  money  from  Kennedy.  They  have  already  totaled 
up  ambitious  shopping  li.sts  to  offer  the  president-designate,  made  up  of 
items  chopped  out  of  the  new  budget  by  Eisenhower’s  economy  policies. 

Kennedy  i.s  expected  to  come  up  with  a  supplementary  appropriation 
request  for  the  current  fiscal  year  within  a  month  or  two,  then  with  a 
revised  version  of  Eisenhower’s  budget  for  the  next  year.  In  all,  these 
are  expected  to  add  at  least  $2  billion  in  new  contracts  to  the  current  rate 
of  military  spending. 

Top  priority  items  in  Kennedy’s  plan:  expansion  of  the  Polaris  and 
Minuteman  missile  programs,  a  continuous  airborne  B-52  alert  and  mod¬ 
ernization  of  airlift  and  combat  equipment  for  ground  forces. 

THE  DEFENSE  DEPT,  has  proposed  a  simplification — .some  officials  call  it 
a  liberalization — of  the  technical-data  provisions  of  the  armed  services 
procurement  regulations.  It  .scheduled  a  meeting  with  defense  industry 
trade  a.ssociations  to  di.scuss  the  proposed  changes  before  making  the 
new  rules  effective. 

The  Pentagon  wants  to  get  rid  of  the  bothersome  concept  of  proprietory 
data  spelled  out  in  contracts.  Under  this  sy.stem.  the  military  has  had 
the  re.sponsibility  for  defining  on  a  contract-by-contract  basis  before  a 
contract  was  signed  exactly  what  technical  data  it  wanted  rights  to. 
The  contractor  has  been  faced  with  the  overwhelming  problem  of  i.solating 
equipment  designs  and  production  techniques  he  wanted  to  protect.  In 
practice,  contractors  have  been  forced  to  make  proprietory  secrets  avail¬ 
able  to  potential  competitors  working  on  related  military  projects. 

The  new  policy  would  represent  what  officials  describe  as  a  new 
approach.  It  would  offer  companies  contractual  protection  for  technical 
data  developed  at  their  own  expense. 

The  proposed  change  provides  that  data  pertaining  to  items  or  compo¬ 
nents.  which  were  developed  and  sold  or  offered  for  sale  prior  to  the  date 
of  the  contract,  may  be  furnished  on  a  limited  rights  basis.  All  other 
data  shall  be  furnished  on  an  unlimited  rights  basis.  If  at  the  time  the 
contract  is  being  negotiated,  the  contractor  asserts  the  existence  of  other 
background  data  (that  is  other  than  data  pertaining  to  components  previ¬ 
ously  sold  or  offered  for  sale),  which  will  necessarily  be  used  in  the  con¬ 
tract,  the  government  will  acquire  such  data  on  an  unlimited  rights  basis 
but  may  negotiate  an  equitable  price  for  such  rights  to  enable  the  govern¬ 
ment  to  reproduce  items  or  processes  developed  in  whole  or  in  part  at 
government  expense. 
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NOW 


THE 


//tu/a  A. 


COUNTER 


DC-101  I 
10  Ke>  cotnmerciai 


DC-105 

1  Mc~  commtrcial 


DC-106 

100  Kc^  commercial 


DC-130 

100  Kc.,  mil.  spec. 


FOR  DETAILED  INFORMATION, 
WRITE  FOR  BULLETIN  1002 


♦  Trademark  of  BuToui^bs  Corporation 


The  new  Burroughs  BEAM-X  Counter  is  the  lowest  cost 
transistorized  decade  counter  available.  The  DC-111  Counter, 
newest  product  of  the  Electronic  Tube  Division,  combines  the  Beam-X 
switch  with  transistors  in  a  circuit  capable  of  resolving  pulses 
at  110  Kc.  Electrical  outputs  are  provided  to  operate  remote 
Nixie®  tubes,  printers,  and  to  perform  other  circuit  functions. 

This  latest  addition  to  the  Burroughs  Counter  line  makes  possible 
a  number  of  advantages  never  before  available: 

•  Use  of  new  Beam-X  switch— lowest  cost,  lightest 
weight,  highest  speed,  smallest  size  10  position 
electronic  counting  device. 

•  Total  power  consumption  of  only  two  watts. 

•  Elimination  of  as  many  as  ninety  components 
from  counting  circuits. 

•  Increased  reliability  due  to  component  reduction 
and  use  of  the  ultra  reliable  Beam-X  switch. 

This  counter  is  designed  as  a  plug-in  module  for  use  in  computers, 
electronic  counters,  machine  control,  automation  and  test 
equipment  and  military  systems.  The  units  may  be  directly 
cascaded.  They  can  be  driven  by  a  twelve-volt  signal,  and  are 
compatible  with  existing  transistor  logic  circuits. 


another  ELECTRONIC  CONTRIBUTION  BY 

Burrouglis  ^Corporation 

© 

ELECTRONIC  TUBE  DIVISION 
Plainfield,  New  fersev 
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RESISTANCE 

NETWORKS 

. . .  the  inside  story 
on  quaiity 

In  reading  ads  for  wirewound  re¬ 
sistance  networks,  you  sometimes 
find  the  superiority  of  one  tech¬ 
nical  characteristic  emphasized 
to  a  misleading  degree.  Desired 
accuracy,  temperature  coefficient, 
stability,  and  voltage  division  ob¬ 
tained  in  one  type  of  network 
may  be  impossible  to  achieve  in 
another. 

Essentially,  network  quality  is 
determined  by  the  quality  of  its 
individual  resistors.  Beyond  this, 
network  performance  improves  or 
deteriorates  depending  on  pack¬ 
aging  and  mounting  techniques, 
AC  layout  and  trimming  meth¬ 
ods,  accuracy  of  measuring  in¬ 
struments,  the  manufacturer’s 
production  standards  and  his 
knowledge  of  the  latest  develop¬ 
ments  in  network  theory. 

Shallcross  offers  a  unique  back¬ 
ground  of  experience,  reliability 
data,  manufacturing  and  testing 
skills  to  minimize  what  few  error 
factors  remain  in  Shallcross  pre¬ 
cision  wirewound  resistors  when 
the  networks  are  sealed.  For  a 
sample  of  this  ability,  submit 
your  next  network  requirement 
for  evaluation  by  Shallcross  engi¬ 
neers.  Meanwhile,  send  for  Bul¬ 
letin  A-2  for  a  practical  discus¬ 
sion  of  proper  network  design. 


High  reliability  Shallcross  P-Type 
precision  wirewound  resistors  help 
these  computer  networks  maintain 
close  AC  ratios  over  wide  temper¬ 
ature  ranges.  To  maintain  these 
tolerances,  Shallcross  has  refined 
resistor  manufacturing  techniques 
to  provide  TC  tracking  within  ±  1 
ppm  in  many  cases.  Individual 
resistor  reliability  is  enhanced  by 
stability  “exercises”  and  by  new 
tension  relieving  devices  within 
each  resistor.  Beyond  this,  ex- 


Packaging  does  far  more  for  resistor 
networks  than  provide  convenient 
mounting  and  environmental  protec¬ 
tion.  Some  can  also  increase  power 
dissipation,  provide  electrical  shield¬ 
ing  and  increase  network  stability 
over  extended  temperature  ranges. 
Principally  however,  enclosed  net¬ 
works  maintain  electrical  perform¬ 
ance  by  preventing  “field  introduced” 
errors  brought  about  by  improper 
mounting  or  damage  to  critical 


tremely  accurate  AC  and  DC 
measuring  instruments  help  in  final 
network  design,  trimming,  pack¬ 
aging,  and  proof-of-performance 
testing. 

From  an  extensive  background 
of  network  engineering  Shallcross 
offers  analog  to  digital  and  digital 
to  analog  converters,  voltage  divid¬ 
ers,  summing  and  integrator  net¬ 
works,  and  others  to  virtually  any 
configuration. 


AC  layouts  through  improper  resis¬ 
tor  replacement  during  maintenance. 
Where  unusually  critical  voltage 
division  tolerances  must  be  main¬ 
tained,  the  design  engineer  should 
make  provision  for  a  packaged  net¬ 
work  in  his  application. 

Shallcross  regularly  supplies  net¬ 
works  in  many  hermetically  sealed, 
encapsulated,  and  plug-in  designs. 
For  a  discussion  of  when  to  use 
which  style,  write  for  Bulletin  A-2. 


Temperature  Stabilized 
COMPUTER  NETWORKS 


WHY  PACKAGE  RESISTANCE  NETWORKS? 


Shallcross  Manufacturing  Co  •  Selma,  North  Carolina 

Precision  wirewound  resistors.  Switches.  Instruments.  Delay  lines.  Resistance  networks.  Audio  attenuators. 
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Eight  channels  on  a  7"  high 
single  chassis,  provide  economical, 
general  purpose  recording  .  .  . 
choice  of  two  amplifier  types  — 
low  gain  (0.01  to  500  volts); 
high  gain  10  uv  to  lOOmv. 


8-channel  direct  writing  "360" 
style  recorder  in  a  single  17 y^" 
high  package  .  .  .  immediately 
visible  inkless  traces  made  by  heated 
stylus  on  rectangular  coordinate 
charts,  at  any  of  9  electrically 
controlled  chart  speeds. 


PRACTICAL  ECONOMY  and 


WIDE  USEFULNESS 
In  a  NEW  SANBORN  DIRECT  WRITER 


general  purpose  recording,  investigate  the  performance  and 
price  of  this  new  Sanborn  "950”  system.  Choice  of 

transistorized  high  or  low  gain  amplifiers  for  stability, 
instantaneous  oi»ration  and  low  power  consumption. 


|S^«cHkoHofit  Qnd  »ubi«ct  to  char»g«  withovt  noHc«) 


iwliriwMiii  fr«fii  any  Salat »Enfi waring  llaprataaialWa»  lacalad  In  principal  cMat 

iKf  Mm  UaMad  Stofat,  Canada  and  foraifN  <oanlriaf. 


INDUSTOIAL  DIVISION  175  Wyman  Straat,  WoRliam  54,  Matt. 
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FINANCIAL  ROUNDUP 


THf  MARK  Of  RILIABILITY 


ITT  Discloses  Cuban  Losses 


INTERNATIONAL  TELEPHONE  AND  mission.  Transitron  sales  for  the 
TELEGRAPH  reports  nine-month  earn-  quarter  ended  Sept.  24  were  $11,- 
ings  of  $21,137,268  or  $1.36  per  767,511  as  against  $10,155,534  in 
share  for  the  first  three-quarters  the  same  quarter  a  year  ago. 
of  this  year.  In  the  same  1959 

period,  the  corporation  earned  Industro  Transistor  Corp.,  New 
$18,670,120,  or  $1.22  per  share  York,  reports  net  income  of  $192,- 
on  a  smaller  number  of  shares  524  for  the  1960  fiscal  year.  This 
and  before  special  nonrecurring  is  equivalent  to  35  cents  per  share 
charges  of  six  cents  a  share.  H.  S.  of  common  stock.  In  fiscal  1959, 
Geneen,  ITT  president  disclosed  the  firm  sustained  a  net  loss  of 
that  third-quarter  net  income  is  $34,330,  or  eight  cents  per  com- 
also  up,  to  a  level  of  $6,882,795,  mon  share.  In  1958,  the  net  loss 
or  44  cents  per  share  as  against  per  share  was  20  cents.  Sales  this 
last  year’s  third  quarter  figure  of  year  more  than  doubled  rising  to 
$6,207,191,  or  40  cents  per  share  $1,282,116  from  $594,158  a  year 
before  a  special  nonrecurring  earlier, 
charge  of  11  cents.  Total  sales  this 

year  for  the  nine-month  period  Varian  Associates,  Palo  Alto, 
were  $580,058,955  as  against  $533,-  Calif.,  and  Eastern  Industries, 
006,508  for  the  .same  period  in  Hamden,  Conn.,  announce  that 
1959.  Geneen  added  that  the  1960  they  have  arrived  at  a  preliminary 
figures  excluded  the  Cuban  sub-  basis  for  merger  of  Eastern  into 
sidiary  accounts,  no  longer  con-  Varian  on  a  three-to-one  exchange 
solidated  because  of  seizure.  “We  of  stock.  Shareholder  approval 
are  still  pressing  for  tax  or  other  will  be  asked  at  a  March  meeting 
relief  for  the  loss  of  our  approxi-  next  year, 
mate  $35  million  in  Cuban  sub¬ 
sidiaries,”  he  said.  He  added  that  Canoga  Electronics  Corp.,  Van 
any  provision  for  such  investment  Nuys,  Calif.,  announces  sale  of 
loss  would  be  charged  to  earned  $11  million  of  convertible  deben- 
surplus  and  would  have  no  effect  tures  and  senior  notes  to  Elec- 
on  the  year’s  net  income.  Orders  tronics  Capital  Corp.  Canoga  re- 
on  hand  as  of  Sept.  30  this  year  ceived  $1,200,000  through  the  sale 
are  approximately  $574  million  as  of  eight-percent  convertible  deben- 
against  $549  million  at  the  end  of  tures  and  a  $300,000  long-term 
la.st  year,  loan  commitment.  The  debentures 

are  convertible  into  47  percent  of 
Transitron  Electronics,  Wakefield,  the  electronics  company’s  total 
Mass.,  announces  it  has  entered  common  stock.  Canoga,  organized 
into  a  formal  agreement  with  in  1948,  has  current  annual  sales 
Thermo  King,  Minneapolis,  under  in  excess  of  $5  million.  The  com- 
which  the  New  England  firm  pany  manufactures  radar  systems, 
would  acquire  all  TK’s  assets,  space  tracking  systems,  range  in- 
Under  the  agreement,  one  share  of  strumentation  and  related  equip- 
Transitron  would  be  exchanged  ment. 

with  one  share  of  TK.  In  addition, 

options  for  60,000  Thermo  King  United  Industrial  Corp.,  New  York, 
shares  would  be  converted  into  reports  third  quarter  sales  for  the 
options  for  a  similar  number  of  period  ended  Sept.  30  amounted  to 
Transitron  shares.  The  final  sign-  $10,131,365,  a  dip  from  the  $10,- 
ing  of  the  agreement  is  contingent  710,243  reported  in  this  year’s  sec- 
on  a  two-thirds  approval  by  TK  ond  quarter.  Net  income  for  the 

stockholders  and  the  carrying  out  third  quarter  was  $78,844  in  com- 

of  a  secondary  offering  of  IJ  mil-  parison  to  a  deficit  of  $65,957  for 
lion  shares  of  Transitron  common  the  six  months  ended  June  30. 

covered  by  a  registration  filed  Total  sales  for  the  nine-month 

with  Securities  &  Exchange  Com-  period  ending  Sept.,  1960  were 


UNMATCHED  FOR 
PERFORMANCE 


. . .  hermetically  sealed  irt  ceramic  jackets 
against  moisture  and  vapor . . .  safely 
protected  against  mechanical  abuse. 
The  Hyrel  FB  series  is  intended  for 
applications  in  military,  commercial  and 
telephone  equipment  where  long  life 
under  high  humidity,  small  size, 
and  stability  of  electrical  characteristics 
are  important. 


WRITE  FOR  ENQINEERINQ  BULLETIN  7010B 

1  SPRAGUE  ELECTRIC  COMPANY 

35  AAorshotl  North  Adorns,  Moss, 

to  far  axcaod  MIL.II-10509C  Spocificationa 
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$28,492,650.  Net  income  after 
taxes,  which  included  a  special 
capital  gain  tax,  was  $593,049, 
equivalent  to  12  cents  a  share  on 
common  stock  after  provision  for 
preferred  dividends. 

One-hundredth  listing  on  the 
American  Stock  Exchange  this 
year  is  an  electronics  company, 
Terminal-Hudson  Electronics,  an 
electronics  distributor.  Stock  ap¬ 
peared  on  the  ticker  under  the 
symbol  “THE”  at  6i.  The  company 
has  963,304  shares  outstanding. 
The  company  operates  both  in  the 
U.  S.  and  abroad.  It  was  formed 
through  the  recent  merger  of 
Terminal  Electronics  and  Hudson 
Radio  and  TV. 

Nuclear-Chicago,  Des  Plaines,  Ill., 
and  Texas  Nuclear,  Austin,  Tex., 
have  agreed  on  a  basis  for  an  ex¬ 
change  of  shares.  One  share  of 
N-C  will  be  exchanged  for  each 
3i  shares  of  Texas  stock.  The 
plan  must  meet  with  an  80  percent 
vote  of  Texas  shareholders  to  be 
effective.  Full  exercise  of  the  of¬ 
fer  would  require  issuing  28.571 
shares  of  N-C,  which  now  has  743.- 
006  shares  out  of  the  li  million 
shares  authorized.  Texas  Nuclear 
has  100,000  shares  out.standing. 

25  MOST  ACTIVE  STOCKS 

WEEK  ENDING  NOVEMBER  18,  1960 


SHARES 

(IN  lOO's)  HIGH 

LOW 

CLOSE 

Anpei 

1,153 

rv/t 

214k 

23Va 

Gen  iMt 

918 

39H 

3544 

374k 

Sptrry  Rani 

865 

19V« 

1842 

184k 

Gea  Tel  t  Elec 

823 

274* 

26H 

26H 

Gee  CeeUels 

687 

234k 

191.4 

2144 

Stae<ar8  Kellsmin 

683 

234* 

1942 

234* 

Gee  Electric 

641 

79 

774k 

784i 

let'l  Tel  8  Tel 

637 

41V4 

40 

41 

Traesitree 

609 

3644 

34Lk 

35 

RCA 

599 

554k 

53 

5444 

Meter  Ce 

532 

8W 

54* 

744 

Wettieikeuse 

530 

51Vt 

484'2 

49I4 

littee  leA 

505 

844* 

7944 

8244 

Martie  Ce 

497 

584* 

54 

584* 

Texas  lest 

474 

188 

1754k 

17942 

Bar  rt  elks 

451 

28V2 

274k 

274k 

Elec  B  Mas  Ink 

447 

6W 

6 

6 

leckkeel 

427 

27i,k 

264* 

264* 

Avce  Carp 

420 

14Lk 

13Vi 

134* 

Variae  Assec 

374 

481/4 

45 

46 

Raytkeee 

354 

354k 

32?k 

3344 

Ueiv  Ceetrels 

333 

15?k 

144k 

144k 

Callies  Raiie 

312 

504* 

464k 

48 

Rkilce  Carp 

301 

194? 

18 

181/k 

Beckieae  lest 

295 

90V2 

8442 

89 

Ihe  aboic  I'lgurts  represenc  sales  of  electiooics 
stocas  on  the  New  York  and  American  ^ock 
Exchanges.  Listings  are  prepared  exclusively  for 
Electronics  by  Ira  Haupt  &  Co.,  investment 
bankers. 
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BAUSCH  &  LOME 


EYE  TEST 
FOR  RADAR 


B&L  optical-electronic-mechanical  capabilities 
assure  accuracy  in  missile  tracking  system 


The  strength  of  our  missile  defense  program  depends 
in  part  on  extreme  accuracy  of  radar  tracking. 

Bausch  &  Lomb  has  developed  a  camera  lens 
for  boresighting  a  radar  antenna — in  essence,  this  lens 
checks  the  performance  of  radar  just  as  one’s 
vision  is  checked  in  an  eye  examination. 

Accuracy  of  this  lens  system  easily  meets  the  most 
extreme  requirements. 

The  same  skills  that  made  possible  this  missile  track 
radar  camera  lens  are  available  to  assist  on  your  project. 
Write  us  for  full  details.  Bausch  &  Lomb  Incorporated, 
Military  Products  Division,  61411  Bausch  St., 

Rochester  2,  N.  Y. 
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MAKE  A  SYSTEM  MOBILE 


(^sterns  tAe/  'TfUd^i/e/ /^t/ 


■  V'" 


CRAIG  ENGINEERS 
HEAD  UP  THE  MOST 
COMPLETE  SYSTEMS 
PACKAGING  SERVICE 
YOU’LL  FIND... 


Dip  into  this  versatile  brainpower  pool 
. . .  and  you'll  come  up  with  the  answers 
to  virtually  any  problem  in  systems 
packaging. 

Example:  a  problem  in  housing  mobile 
systems?  Ask  our  production  specialists. 
Their  principal  responsibility:  develop¬ 
ment  of  light  weight,  high  strength  alumi¬ 
num  shelters,  vans  and  trailers  (like  our 
famed  Helicop-Hut,  for  instance)  for 
mobile  air  transportable  ground  support 
electronic  systems. 

Example:  a  problem  in  components  for 
mobile  systems?  Our  men  in  this  depart¬ 
ment  specialize  in  such  hardware  as 
telescoping  antenna  masts,  transit  cases, 


spare  parts  boxes,  equipment  racks  or 
cabinets,  or  you  name  it. 

Example:  a  problem  in  systems  installa¬ 
tion?  The  service:  layout  and  installation 
of  complete  systems,  through  final  check¬ 
out  for  maximum  mobility  and  reliability, 
including  all  cabling,  shock  and  vibration 
isolation,  human  engineering,  environ¬ 
mental  control  and  testing. 

Example:  a  problem  in  systems  relia¬ 
bility?  Testing  is  a  speciality  at  Craig.  In 
addition  to  regular  testing  techniques  and 
procedures,  special  tests  are  developed 
to  insure  equipment  reliability,  supported 
by  complete  and  accurate  test  data  of 
all  kinds. 


MASS  PRODUCTION  FACILITIES  ENGINEERING  AND  RESEARCH  SERVICES  TESTING;  DEEP  WATER  FLOTATION  TESTING;  THERMAL  SHOCK  CHAMBER 


'  ) 


I 


r 
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TAKES  A  V 


ECIAL  KIND  OF  ''WHEEL 


Example:  a  problem  in  fabrication  . . . 
or  research?  Craig's  engineering  design 
and  development  staff  will  work  on  it. 
Staff  also  provides  a  highly  unique 
“fabrication  research"  service.  Their 
work  with  aluminum,  foamed  plastic,  and 
epoxy  adhesives  for  lightest  weight  and 
highest  strength  may  well  prove  helpful. 


SYSTEMS.  INC 


360  MERRIMACK  ST.  LAWRENCE.  MASS. -TELEPHONE:  MUrdOCk  8-6961 
Boston.  Mass..  CApital  7-7794 

WASHINGTON.  0.  C .  DALLAS.  TEXAS  LOS  ANGELES  IS. 

Tht  LaSalle  Suile  SIS  6300  North  Central  Eipressway  CALIFORNIA 

1028  Connecticut  Ave .  N  W.  EMerson  1-SS22  6214  W.  Manchester  Avl. 

District  7- 1575  SPriii(  6-0025 

Business  systems  and  equipment  are  another  Craig  specialty  through 
LeFebure  Corporation,  Cedar  Rapids,  Iowa  — a  Craig  subsidiary 


The  Results;  whatever  your  systems 
packaging  problems,  we  can  wrap  them 
up  for  you,  either  in  whole  or  in  part,  or 
as  a  supporting  service  to  your  plan  of 
operations.  Years  of  specialized  knowl¬ 
edge  in  the  field  of  systems  engineering 
is  an  excellent  reason  to  rely  on  Craig. 


Craii's  capabilitins  bro- 
chura  will  be  sent  on 
request  Write  to  Dept 


MOBILE  GROUND  SUPPORT  EQUIPMENT 


COMPLHE  SYSTEMS  PACKAGING 


HELICOP-HUTS  AWAITING  DELIVERY 


TELESCOPING  MASTS  AND  CONTROL  TOWERS 


NOW! 


A  COMBINATION 


50/1  sec.  to  90  sec. 


WAVEFORM 

Square,  Triangular,  Sine 
0.01  cpsto  2000  cps 


GENERATOR 


Through  unique  design,  the  Parabam 
Model  P-1  Pulse-Waveform  Generator 
provides  virtually  transient  free  square, 
triangular  and  ^e  waves  plus  variable 
length  pulses. 

Has  sufficient  output  to  drive  power 
transistors  and  relays,  electrohydraulic 
valves  and  other  units  directly  from  the 
output  terminals.  Applications  .  .  .  test  and 
development  of  servomechanisms,  com¬ 
puters,  input-output  devices  and  geophysi¬ 
cal  equipment. 

MODEL  P-1 
SPECIFICATIONS 

•  Waveforms:  Sinusoidal,  square  and 
triangular. 

•  Frequency:  continuously  variable  in  10 
ranges  . . .  0.01  cps  to  2000  cps, 

•  Frequency  stable  within  1%. 

•  Pulse  length  continuously  variable  from 
50/1  sec  to  90  seconds. 

•  Pulse  amplitude ...  0  to  60  volts,  200 
milliamps  max.  current. 

•  Rise/Fall  time  approx.  2/i  sec. 

•  Cabinet  or  rack  mounted. 

WRITE  TODAY  - 

for  Technical  Bulletin  No.  660-6  on 
the  P-1  Pulse-Waveform  Generator. 

PJA-RA-B-AlM,  ino, 

13000  YUKON  AVENUE 
HAWTHORNE  •  CAUFORNIA 


MARKETING 


Electrical  Distributors  Eye 


Frank  M.  VUes,  Jr. 


“THIRTY  PERCENT  of  all  electronic 
products  sold  through  distributors 
will  be  sold  in  10  years  through 
firms  now  electrical  distributors,” 
says  Frank  M.  Viles,  Jr.,  president 
of  ITT’s  distributor  products  divi¬ 
sion. 

Behind  Viles’  statement  are  in¬ 
tensive  studies  of  the  distribution 
trends  which  ITT  made  before  set¬ 
ting  up  the  division  recently. 

Biggest  single  factor  in  the  drive 
of  electrical  distributors  to  get  into 
the  distribution  of  electronic  prod¬ 
ucts  is  the  growing  use  of  electronic 
equipment  in  the  electrical  ma¬ 
chinery  and  electrical  contracting 
industries. 

Says  Viles:  “The  electrical  dis¬ 
tributors  are  faced  with  the  prob¬ 
lem  of  either  losing  more  and  more 
of  their  business  to  electronics  part 
distributors  because  they  don’t 
handle  the  electronics  products 
wanted  by  their  customers — or  get¬ 
ting  into  electronics  distribution 
themselves.” 

Number  of  electronic  computer  in¬ 
stallations  in  use  by  state  and 
local  governments  will  double 
within  the  next  two  years,  accord¬ 
ing  to  a  survey  of  manufacturers 
of  electronic  computers,  reports 
John  Diebold  Associates,  computer 
consultants. 


Survey  found  not  only  increased 
use  of  automation  in  “regular” 
business  data  processing  but  a 
variety  of  projects  extending  auto¬ 
mation  into  new  areas. 

New  era  of  product  development 
and  expansion  in  consumer  elec¬ 
tronics  is  foreseen  by  Edward  R. 
Taylor,  executive  vice-president  of 
Motorola  and  chairman  of  con¬ 
sumer  products  division  of  Elec¬ 
tronic  Industries  Association. 
Many  people  have  mistakenly  as¬ 
sumed  that  consumer  electronics 
have  reached  a  plateau  of  eco¬ 
nomic  opportunity,  Taylor  added. 

Even  without  new  products  for 
home,  automotive  and  other  mar¬ 
kets,  consumer  electronics  sales 
will  jump  by  2  million  units  in 
television,  4.3  million  in  radio  and 
2.5  million  in  stereo  in  the  next 
five  years,  predicted  Taylor. 

Headquarters  for  Motorola  Mili¬ 
tary  Electronics  division,  includ¬ 
ing  market  research,  program 
planning,  representation  and  ad¬ 
ministration  functions,  is  being 
consolidated  in  Washington,  D.  C., 
reports  Paul  J.  Sturm,  division 
marketing  director.  “With  the 
growing  concentration  of  techni¬ 
cal,  military  and  other  federal 
agencies  in  the  nation’s  capital,  it 
becomes  necessary  that  defense 
suppliers  reflect  this  trend  in 
their  own  organization  planning,” 
Sturm  said. 

“We  feel  that  basing  our  activi¬ 
ties  in  Washington  not  only  will 
improve  our  efficiency,  but  will 
also  sharpen  our  response  to  fast¬ 
changing  military  needs,”  he 
added. 

Joining  Sturm  in  the  new  mar¬ 
keting  headquarters  are:  John  C. 
Parham,  Washington  region  man¬ 
ager,  Carl  A.  Nierzwicki,  plans 
programming  manager  and  three 
regional  representatives. 

MARKETING  APPOINTMENTS: 
J.  B.  Holts  assigned  to  newly- 
created  job  of  marketing  manager 
for  new  products  of  Centralab 


22  CIHaE  22  ON  READER  SERVia  CARD 


electronics 


i 


Electronics 


Electronics  division  of  Globe- 
Union.  .  .  .  William  J.  McClenahan 
named  marketing  manager  of 
Sperry  Rand  Corporation’s  Sperry 
Electronic  Tube  division  located 
at  Gainesville,  Fla.  .  .  .  Sey¬ 
mour  S.  Levine  appointed  man¬ 
ager  market  planning  of  Westrex 
Corp.,  division  of  Litton  Indus¬ 
tries.  Levine  will  help  formulate 
marketing  plans  and  be  respons¬ 
ible  for  gathering  information  on 
short-  and  long-range  marketing 
planning  for  commercial  and  gov¬ 
ernment  sales.  .  .  .  Henry  A.  Head 
promoted  to  position  of  manager 
of  marketing  planning  in  the  Ad¬ 
vanced  Systems  Development  divi¬ 
sion,  commercial  group  of  Inter¬ 
national  Business  Machines  Corp. 
.  . .  Walter  C.  Byrne,  Jr.,  appointed 
manager  of  microwave  marketing. 
Communications  and  Controls  di¬ 
vision,  Radio  Corporation  of 
America.  .  .  .  Board  of  Directors  of 
Airpax  Electronics  elects  Rear  Ad¬ 
miral  Otto  A.  Scherini,  vice  presi¬ 
dent  of  the  corporation  in  charge 
of  marketing.  He  will  be  in  charge 
of  sales  of  two  divisions,  in 
Florida  and  Maryland,  as  well  as 
the  nationwide  sales  organization. 


Thovsonds  FIGURES  OF  THE  WEEK 
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I  Engineering  notes  m  m  /g 
I  \Tomthe 

1  REPORTER 

I  BY  STANLEY  M.  INGERSOLL,  Capabilities  Engineer 


Report  No.  14 
AME  604  Thermocouple  Reference  Junction 
Temperature  Compensating  System 

The  AME  604,  the  most  advanced  version  of  the  SM/I  Tempera¬ 
ture  Compensator,  is  a  highly  accurate  device  for  electronically 
compensating  for  the  cold  junction  in  a  thermocouple  tempera¬ 
ture  measurement  system  for  use  where  extreme  environmental 
demands  are  made  on  airborne  or  ground  equipment. 

This  12-channel  temperature  measurement  system  is  composed 
of  12  compensator  modules  and  12  power  supply  modules  and 
operates  from  a  28  V.D.C.  input.  This  unit  is  completely  encap¬ 
sulated  to  insure  mechanical  stability  of  the  system.  One  power 
supply  which  incorporates  solid  state  devices  and  one  compen¬ 
sator  module  are  required  for  each  channel.  Components  in  the 
compensator  and  power  supply  modules  are  assembled  on  a 
Melamine-Glass  terminal  board  and  following  lead  attachments 
are  individually  potted  with  a  Ureathane  foam-type  potting  com¬ 
pound  that  provides  maximum  stability  under  extremes  of  tem¬ 
perature  and  humidity  as  well  as  protection  against  operational 
vibration.  The  system  design  is  such  that  the  number  of  channels 
may  be  changed  to  suit  a  customer’s  requirements. 

Electrical  output . 12  channels 

Output  impedance . 876  ohms  (each  channel) 

AccurKjr  . Better  than  :t2*F.  over  a  system  operating 

temperature  range  of  -f-32'F.  to  -(-165*F. 
Better  than  straight  line  errors  of  ±2‘*F.  at 
32*F.  to  ±1*F.  at  77*F.  to  ±2*F.  at  lOS’F. 
and3'’F.  at  250*  F. 

Size  . 5'’x3V4'i<3" 

Weight  (less  cables)  ...  2.2  lbs. 

Input  power . 28  V.D.C.,  7.5  watts 

Input  signal . 12  Chromel-Alumel  grounded  thermocouples 


Typical 

Performance 

Specifications 


28  V  D  C. 
INPUT 


POWER 

SUPPLY 


COMPENSATOR 


THERMOCOUPLE  LEADS 


ALUMEL-' 


AME  604  Temperature  Compensating  System  -  System  Diagram 


For  more  information  and  complete  operating  specifications,  write 
or  wire  SM/I  today.  Address  your  inquiry  to  Stanley  M.  Ingersoll, 
Capabilities  Engineer. 


SM/i 


SKr9\/OMBCMJKNiaMS/lNC. 
Los  Angsiss  Division 
1300  N.  Aviation  Boulsvard 
El  Ssgundo,  California 


-J 
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building  block  or  plug-in  card 


mm  I  \m  I  ■  mm  ■■  Which  package  fits  into  your  design?  Packaged  either  way,  Delco  Radio  Digital 

B  m  ip^  III  1^  Modules  meet  or  exceed  all  MIL-E-5272D  (ASG)  environmental  requirements. 

Im^  I  I  I  I  I  I  I  Continuing  life  tests  on  these  computer  circuits  now  exceed  four  and  one-half 

I  W  I  mm  \m  Wm  bb  million  transistor  hours  without  a  failure.  The  modules  perform  all  the  standard 

logic  functions  and  come  in  many  basic  types  and  variations.  Delco  modules  in  the  transistorized  building  block  package  are 
ideally  suited  for  airborne  guidance  and  control  because  of  their  extreme  ruggedness,  compactness  and  reliability.  Ail  miniature 
building  block  modules  employ  three  dimensional  welded  wiring  techniques  and  are  vacuum  encapsulated  in  epoxy  resin.  Delco 
Radio  can  offer  you  off-the-shelf  digital  circuits  packaged  as  building  blocks  or  plug-in  cards,  or  can  supply  circuits  to  meet  your 
specific  needs.  Our  Sales  Department  will  be  happy  to  send  you  complete  engineering  data.  Just  write  or  call.  ■  Physicists  and 
electronics  engineers:  Join  Delco  Radio's  search  for  new  and  better  products  through  Solid  State  Physics.  ^ 


EPCNDABIUTY 


PIONEERING  ELECTRONIC  PRODUCTS  THROUGH  SOLID  STATE  PHYSICS 


EUABILITY 


Division  of  General  Motors  •  Kokomo,  Indiana 
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SERVICE 

. . .  MINIMUM 

COST 


You  name  it .  .  .  we*ll  stamp  it  .  .  . 
exactly  in  accordance  with  the  specs 
and  degree  of  quality  and  finish  you 
require.  And  we’ll  save  you 
money  on  any  quantity  one  to 
a  million  through  the  four 
Services  described  at  the  right. 

It  all  adds  up  to  a  distinctive  Service 
in  Stampings.  Special  equipment* 
toolings  and  techniques,  many 
unknown  to  ordinary  stamping  shops, 
have  been  perfected  since  1913. 
The  savings  are  passed  on  to  you! 

Want  more  details?  Stampings 
Folder  No.  4  contains  helpful 
information  for  ordering  most 
economically.  Send  for  it. 


DIVISION 


"ONE  PLUS' 
METHOD 


No  tooling  needed 
when  you  order  just  o 
few  pieces.  Economical 
for  prototypes  or  ex¬ 
periment. 


2 


SHORT  RUN 
METHOD 


Perfect  for  "more  than 
a  few",  but  less  thon 
production  quantities. 
Temporary  tooling, 
simple  dies  and  special 
presses  keep  costs 
down. 


3 


Applies  only  when 
quantity,  tolerance,  size 
and  contour  factors 
justify  our  standard 
production  method 
and/or  nominal  die 
charges. 


PRODUaiON 
RUN  METHOD 


4 

"WATCH  DOG” 

■  SERVICE 

All  repeat  orders  are 
screened  and  re-evalu- 
ated  as  to  specs  and 
quantity — then  the 
Method  best  for  you  is 
used.  A  routine  pro¬ 
cedure— and  the  gain 
is  yours. 

SPACERS 
SIDE  PLATES 
TAB  WASHERS 
^  LOCK  WASHERS 
i  1  METALLIC  GASKETS 
^BRAZED  ASSEMBLIES 
^  SPEOAL  REELS 

SHIMS 

ELECTRONIC  CHASSIS 
MS  aAMPS 
V  BENCH  ASSEMBUES 
ROCKER  ARMS 
CONVERSIONS 


THK  LAMINATED  SHIM  COMPANY,  INC. 
4d12  UNION  STREET,  GLDIBROOK,  CONNECTICUT 


Ss.  ^9*^^  > 


Cubic  precision  digital  voltmeter 
withstands  50G  shock 


A  new  militarized  version  of  the  Cubic  precision  digital 
voltmeter  is  guaranteed  to  withstand  shocks  as  high  as 
a  bone-crushing  50  G.  The  ability  to  shake  off  punishment 
that  would  wreck  ordinary  voltmeters,  and  to  keep  on 
performing  perfectly  for  years  and  years  under  the  hardest 
kind  of  use,  is  built  into  every  Cubic  digital  voltmeter. 
These  meters  are  “operator-proof”  —  they  will  not  be 
damaged  by  any  except  the  most  flagrant  misuse.  Even 
voltages  100%  over  the  top  of  the  highest  range  will  not 
harm  them. 

The  advanced  engineering  of  Cubic’s  transistor-driven 
stepping-switch  design  provides  extraordinary  reliability 
and  accuracy.  Cubic  digital  voltmeters  achieve  99.997% 
repeatability,  for  precise  accuracy  again  and  again.  Attenu¬ 
ator  accuracy  is  0.003%  for  wide-range  precision.  Bridge 
linearity  of  0.003%  is  attained  with  carefully  matched 
quality  components.  Noise  rejection  (60  cps)  is  80  db. 

Cubic’s  digital  readout  is  simple,  reliable  and  the 
easiest  to  read  at  a  glance.  Extra  quality  components 
throughout  ensure  minimum  maintenance  requirements. 
Before  buying  any  digital  instrument,  investigate  the  best. 
Write  for  descriptive  literature  to  Dept-  E-4,  Industrial 
Division,  Cubic  Corporation,  San  Diego  11,  Calif. 


I  BRIEF  SPECIFICATIONS  -  MODEL  2100 

ENVIRONMENTAL 

shock  test:  will  withstand  50G  Navy  shock  test, 
and  shipboard  vibration 

humidity:  100% 

salt  spray  and  fungus  resistant 

ELECTRICAL 

i  volts:  0.01%  accuracy  from  1  millivolt  to  1000 
volts,  automatic  ranging  and  polarity 
ohms:  0.1  ohm  to  10  megohms,  manual  ranging 
input  power.  25  watts 
ratiometer  provision  and  switching 
MECHANICAL 

size:  wide,  11  Vi”  high,  14"  deep 

weight:  35  lb 


i  cubic 

CORPORATION 
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Th«y  are  avattabie  in  a  wide  range  of  sizes  and  values, 
are  hermetically  sealed,  and  have  a  long  shelf  and 
operating  life. 

tAintMiratuni  ranm-  -8(rC  tO  +85*C 
temperature  range.  ^.12500  (with  derating) 

Write  for  bulletin  ET-7  .  '  ^ 


type  TAK-H  . . .  wet  electrolyte  tantalum  capacitors 
with  built-in  rugged  construction,  seep  and  vibration 
proof,  and  maM  to  meet  specifications  MIL>C-3965. 

Write  for  buHetin  ET-8 


“Then,”  as  it  refers  to  the  electronics  industry,  means . . . 
“just  a  very  few  years  ago.”  The  radically  swift  advances 
made  in  those  few  years  have  changed  the  whole  concept 
of  component  design  and  performance. 

Capacitor  users  will  find  the  new  capacitors  which  modern 
circuitry  demands  at  f^ramid  Electric  Company,  where 
miniaturization  with  highest  reliability  are  among  our 
proven  engineering  and  production  accomplishments.  A 
few  of  the  modern  capacitor  products  are  shown  here. 


M' 


Members  of  the  specially  trained,  70-man  field  auditing  staff  of  the 
Audit  Bureau  of  Circulations*  make  regular  calls  on  2,900  publi¬ 
cations  .  .  .  ours  included  .  .  .  located  in  almost  as  many  places. 


The  ABC  auditor's  call  might  last  a  day,  a  week,  or  even  several 
months  .  .  .  just  as  long  as  it  takes  him  to  make  a  complete  audit 
of  our  circulation  records  and  obtain  the  information  about  our 
circulation  audience  that  ABC  will  later  publish. 


Actually,  he  is  working  for  you  —  our  readers  and  our  advertisers. 
Knowing  full  well  that  we  will  stay  in  business  only  so  long  as  our 
publication  continues  to  serve  the  interests  of  our  readers,  this 
audit  of  our  paid  circulation  provides  us  with  a  regular  and  ob¬ 
jective  review  of  how  well  you  think  we  are  doing. 


Knowing  full  well  that  sales  messages  must  reach  a  responsive 
audience  in  order  to  be  effective,  our  advertisers  are  also  interested 
in  the  ABC  auditor’s  call.  The  hard,  and  sometimes  cold,  facts  he 
reports  about  our  circulation  provide  you  with  an  informed  basis 
for  investing  your  advertising  money. 


Yes,  the  ABC  auditor  has  been  here  .  .  .  and  he  will  be  here  again, 
calling  to  check  on  how  well  we  are  doing  our  job  and  to  provide 
the  facts  to  help  us  and  our  advertisers  do  even  better. 


*  This  publication  is  a  member  of  the  Audit  Bureau  of  Circulations,  an  association  of  nearly  4,000 
publishers,  advertisers,  and  advertising  agencies.  Our  circulation  is  audited  by  experienced  ABC  field 
auditors.  Our  ABC  report  shows  how  much  circulation  we  have,  where  it  goes,  how  obtained,  and 
other  facts  that  tell  you  what  you  get  for  your  advertising  money  when  you  use  this  publication. 


NEW 

HIGH-RELIABILITY 

READOUT 

DEVICES 

NOW 

AVAILABLE 


SYLVANIA  TYPE  AN-150  .  .  . 
IV^”  ALPHA-NUMERIC  ...  is 
diagramed  above  in  actual 
size  to  show  the  14  seg¬ 
ments  that  produce  the 
complete  English  alphabet. 
O-to-9  numerics,  and  selected 
mathematical  symbols. 


SYLVANIA  TYPE  NU-150  .  .  . 
IVi”  NUMERIC  ...  is  dia¬ 
gramed  above  in  actual  size 
to  show  the  9  segments  that 
produce  a  display  of  O-to-9 
numerics. 


Sylvania  Electroluminescent  Panels  provide 
new  techniques  for  display  of 
numeric  and  alpha-numeric  information 

Sylvania  EL  Readout  Devices  are  composed  of  segments  of  electroluminescent 
lamps,  insulated  from  each  other  and  separately  terminated.  By  selective  excitation 
of  the  segments,  symbols  are  produced  for  visual  display. 

The  basic  design  and  structural  simplicity  of  Sylvania  EL  Display  Devices  offer 
the  important  benefits  of  minimal  catastrophic  failure,  exceptional  reliability,  long 
life,  simplified  circuitry,  negligible  power  requirements,  compactness,  flat  construc¬ 
tion  for  wide-angle  viewing,  high  readability  despite  ambient  light  conditions,  and 
plug-in  design  for  instant  interchangeability. 

Want  more  details?  Send  today  for  the  descriptive  brochure  “Sylvania  Electro¬ 
luminescent  Display  Devices.”  Write  Electronic  Tubes  Division,  Sylvania  Electric 
Products  Inc.,  Dept.  EL,  1 100  Main  Street,  Buffalo  9,  N.  Y.  Want  to  discuss  your 
specific  requirements  for  readout  devices?  Contact  your  nearest  Sylvania  Sales 
Engineering  office. 


If  you  are  designing  . . .  DIgitaj 
VoltmetefS,  Cash  Weyisters,  Call 
hoards  .  .  .  investigate  new 
SYLVANIA  EL  “READOUTS"! 


If  you  are  designing  .  .  .  Systems 
Displays,  Tote  Boards,  Arrival  Boards 
.  .  r  imwstigate  new  SVLVANiA  CL 
"READOUTS"! 


If  you  are  designing... Dispatch  Boards 
torPolia|j_FTre^Utiliti^_^m^^OT 
Carriers  . . .  investigate  new  SYLVANIA 
EL  "READOUTS"! 


SYLVANIA 
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THE  RAW  MATERIALS  OF  PROGRESS 


FLUOROCHEMICALS 

FAMILY  provides  new  answers 


in  electronics  field 


3M  specialty  chemicals  solve  problems 
of  miniaturization,  corrosion  protection, 
high-performance  insulation,  weight 
savings  for  electronics  manufacturers 

To  cope  with  the  increasingly  complex 
design  and  production  problems  facing 
the  electronics  industry,  a  new  and  versa¬ 
tile  family — 3M  Fluorochemicals — lends 
a  powerful  helping  hand.  An  entirely  new 
class  of  chemicals,  they  offer  unique 
properties  that  allow  designers  and  pro¬ 
duction  men  to  surpass  yesterday’s  ac¬ 
cepted  specification  limits. 

For  today’s  designs,  and  for  making  to¬ 
morrow’s  possible . . .  3M  Fluorochemicals 
offer  new  chemical,  thermal  and  dimen¬ 
sional  stability  .  .  .  add  flexibility,  long 
life  and  strength  to  many  electronics 
parts  and  assemblies.  And  3M  research  is 
still  expanding  the  boundaries  of  this  ex¬ 
citing  new  chemical  frontier.  Here  at 
work  are  some  outstanding  members  of 
this  growing  3M  family  .  .  . 


KEL-R  BRAND  PLASTIC  in  film  form,  used  in  the  laminated  circuit,  right,  helped 
reduce  weight  from  14  to  2  ounces,  compared  with  old  circuit,  left.  For  wire  jackets 
and  coatings,  encapsulations,  relay  bobbins  and  other  components,  KEL-F  Plastic 
overcomes  such  problems  as  rattling  vibration,  shattering  cold,  water  immersion. 
Environmental  temperatures  can  range  from  —420  to  +390°  F.  for  this  non¬ 
flammable  plastic  with  excellent  dielectric  and  compressive  strengths,  zero  moisture 
absorption.  What  production  puzzles  can  KEL-F  Plastic  solve  for  you? 
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3M  BRAND  INERT  LIQUIDS  FC-75  AND  FC-43  helped  designers  miniaturize 
this  power  unit  by  a  "factor  of  six."  Properties  for  these  heat  transfer  fluids:  high 
density,  jmmisdbility  and  corrosion  resistance  . . .  excellent  dielectric  strength, 
limited  solubility,  high  thermal  stability  and  low  pour  points.  What  can  they  cool 
off  for  you? 


NEW  FLUOREL*  BRAND  ELASTOMER  2141  provides  an  outstanding  Mooney 
scorch  curve— permits  processors  to  make  fast,  economical  cures . . .  such  as  the 
0-ring  of  Fluorel  Elastomer,  right,  which  is  free  from  defects  of  other  elastomer 
0-ring  shown.  Fluorel  Elastomer  is  non-combustible— provides  excellent  resistance 
to  corrosives,  fuels,  solvents,  ozone— has  minimum  compression  set.  Continuous 
service  may  be  at  400°  F.,  with  reduced  periods  at  600°  F.  How  can  it  take  the 
heat  off  your  electronics  problems? 


Othtr  mtmiMrs  of  th«  3M  family  of  spoeialty  elwmioals: 

TURPOL*  Brand  F’lasticizer  for  rubber  compounding  •SM 
Brand  Paint  Primer  Concentrate  for  high-strength,  non- 
pigmented  primers  •  KEL-F*  Brand  Elastomers  •  CARDO- 
LITE*  Brand  Resin  Flexibilizer  for  potting  and  encapsula¬ 
tion  •  CARDOLITE*  Brand  Friction  Components  for  brake 
linings,  clutch  facings,  other  friction  surfaces.  For  tech¬ 
nical  information  and  assistance  about  any  of  these 
products,  write  3M  Chemical  Division,  Dept.  KAX-120, 
St.  Paul  6,  Minnesota. 

"KEL-r,  “FLUOREL”,  "TURPOL”  and  "CARDOLITE"  ar#  rat  TM’i  of  3M  Co. 


KEL-F  BRAND  PLASTIC  is  used  for  the  bobbin  in  the  above  mini¬ 
ature  relays  used  in  missiles  and  ground  support  equipment.  It  was 
selected  because  it  gave  satisfactory  performance  consistently  under 
all  operating  conditions.  Its  excellent  electrical  properties  maintain 
high  insulation  resistance,  especially  at  temperatures  of  125°  C.  The 
tendency  for  electrical  current  to  "creep”  along  the  surface  of  the  spool 
is  almost  negligible  and  it  offers  good  mechanical  strength  as  well.  Can 
you  put  these  electrical  insulating  properties  to  work  for  you? 


Armature-Spider 

Assembly 
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Header 
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Gen.  Medaris  Discusses  Electronics 


Maj.  Gen.  John  B.  Medaris  (USA,  ret.)  purchased  equipment 
from  our  industry  as  the  Army's  top  missile  commander  from 
1955  to  1960.  He  is  now  in  our  industry,  cw  president  of  Lionel 
Corp.  The  following  exclusive  interview  was  conducted  by  Senior 
Associate  Editor  Roland  J.  Charest 


Q.  General,  renegotiation  trou¬ 
bles  a  lot  of  companies.  What  are 
your  views? 

A.  There  are  really  two  areas — 
redetermination  and  renegotiation. 

The  redetermination  of  prices  on 
contracts  is  essential,  if  we  are  to 
move  fast  in  the  contracting  field. 
The  one  sad  thing  that  occurs  is 
pure  mechanics.  A  company  that 
knows  its  price  will  probably  be  re¬ 
determined  downward,  dare  not  say 
so,  nor  create  any  fiscal  reserve  to 
pick  up  the  slack.  If  they  set  up  a 
fiscal  reserve  on  their  books,  they 
have  admitted  to  the  negotiator 
that  they  expect  to  be  negotiated 
downward.  This  is  why  it  traps  so 
many  of  them.  They  are  unable  to 
set  up  the  reserves  on  their  books 
and  yet  they  get  negotiated  down- 
w’ard  as  they  might  have  expected 
all  the  time. 

Q.  Should  renegotiation  be 
changed? 

A.  The  big  tragedy  of  renegotia¬ 
tion  is  the  delay. 

I  think  renegotiation  is  a  cover 
plan  to  avoid  or  at  least  to  minimize 
the  effects  of  laxity  in  the  adminis¬ 
tration  of  government  contracts. 

Q.  Laxity  on  both  sides? 

A.  No!  Strictly  on  the  govern¬ 
ment  side.  There  should  be  a  better 
way  to  recover  overpayment  and  ex¬ 
cess  profits.  If  contracts  are  well 
and  tightly  written — and  if  they 
are  well  administered,  you  seldom 
get  recoveries  under  renegotiation. 
The  other  thing  we  don’t  know  is 
what’s  par  for  the  course. 

Q.  Is  industry  guilty  of  conceal¬ 
ing  par  for  the  course? 

A.  I  don’t  think  so.  I  think  there 
is  a  basic  difference  of  opinion  be¬ 
tween  industry  and  the  government 
as  to  what  par  should  be. 

Q.  What  advice  would  you  give  to 


a  small  company  trying  to  get  mili¬ 
tary  business? 

A.  Unless  a  small  business  spe¬ 
cializes  very  highly  in  a  very  small 
field  of  electronics,  it’s  going  to  run 
into  an  awful  lot  of  trouble. 

Q.  How  did  you  find  the  electron¬ 
ics  industry  to  deal  with,  from  a 
m  ilita  ry  vie  wpoint  ? 

A.  Rather  difficult. 

Q.  Could  you  tell  me  tvhy? 

A.  Yes.  Because  it  is  so  difficult 
to  define  the  most  essential  factor. 
That  is  what  kind  of  dependence 
can  you  put  on  their  work.  It  varies 
widely,  not  only  between  companies 
but,  over  a  period  of  time,  in  the 
same  company.  This  is  one  of  the 
ills  of  the  electronics  industry — 
that  people  claim  to  do  things  they 
are  unable  to  do. 

Q.  Is  that  because  they’re  forced 
into  it.  General? 

A.  Sure.  They  feel  they  have  to 
have  business,  so  they  are  forced  to 
attempt  to  do  things  which  they  are 
really  unqualified  or  unable  to  carry 
through  in  first-class  fashion. 

Q.  Is  this  getting  worse  now? 

A.  It  isn’t  getting  any  better 
because  competition  is  getting 
tighter. 

Q.  How  does  the  electronics  in¬ 
dustry  compare  with  others  serving 
the  military? 

A.  The  electronics  industry  has 
become  divided  in  a  way  that  cer¬ 
tain  companies  are  almost  entirely 
government,  and  other  companies 
are  almost  entirely  otherwise.  And 
the  ones  that  are  completely  di¬ 
rected  towards  the  government 
field,  are  the  ulcer-producers. 

Q.  Definition,  please? 

A.  The  backlog  problem.  In  gov¬ 
ernment  business  you  never  can  see 
any  further  than  over  the  next 
fence.  So  every  day  you’re  fighting 


"Only  real  future  for  small 
firm  is  in  specialization" 


the  problem  of  backlog:  Have  I  got 
enough  business  on  the  books  to 
carry  me  over  that  next  fence?  And 
this  is  ulcer-producing  for  any¬ 
body. 

Q.  Any  suggestions? 

A.  The  major  step  would  be  one 
that  requires  commercial  courage. 
That  is  to  appraise  your  capabili¬ 
ties  correctly  and  conservatively,  so 
that  you  don’t  offer  to  do  something 
that  you  aren’t  pretty  doggone  sure 
you  know  how  to  do  thoroughly  and 
well.  You  should  not  buy  the 
chance  to  do  something  and  then 
try  to  hire  the  people  to  do  it  after¬ 
wards.  This  takes  courage. 

Q.  If  companies  don’t  police 
themselves  do  you  see  the  govern¬ 
ment  policing? 

A.  The  government  has  an  indi¬ 
rect  policing  method.  The  govern¬ 
ment  contracting  officer  has  to  make 
a  selection,  by  an  evaluation  of  the 
company’s  record.  The  company 
that  has  just  fallen  fiat  on  its  face 
doesn’t  get  the  next  job. 

Q.  What’ll  happen  to  our  industry 
when  true  peace  comes? 

A.  I  think  we’re  into  a  period  of 
protracted  conflict,  so  that  I  think 
those  terms  of  reference  are  highly 
unlikely. 

Q.  Would  you  cite  any  assets  of 
our  industry  as  you  recall  them  ? 

A.  The  pure  electronic  industry 
has  considerable  momentum  in  new 
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“Some  of  the  hoys  tvho  gambled  “I  don’t  define  my  target  until  I’m  "The  engineering  mind  has  inher- 
fell  by  the  wayside — more  will"  ready  to  hit  it"  ently  a  good  approach  to  business" 


development.  People  who  are  think¬ 
ing  daily  on  an  imaginative  base 
have  a  tendency  to  continue. 

Of  greater  .significance  is  an 
understanding  of  what  is  taking 
place  in  the  crossbreeding  of  tech¬ 
nologies. 

Q.  Physics,  for  one? 

A.  Physics,  for  one;  mechanics 
— precision  mechanics;  mechanics 
in  miniature,  with  all  of  the  tech¬ 
niques  that  go  with  it.  It’s  difficult 
to  find  a  real  advance  that  doesn’t 
combine  more  than  one  science. 

Q.  How  about  electronics  indus¬ 
try  management? 

A.  We  have  a  general  national 
problem  in  the  management  of  tech¬ 
nology.  The  real  key  is  the  question 
of  whether  management  can  under¬ 
stand  what  the  engineers  and  scien¬ 
tists  are  trying  to  tell  them. 

Now  if  they  can’t,  the  only  thing 
they  can  do  is  to  bet  blind  on  a 
man’s  reputation.  Unfortunately, 
I’m  afraid  we  have  quite  a  number 
of  companies  where  the  gap  is  not 
bridged,  but  I  do  see  an  increasing 
tendency  to  put  engineers  in  top 
management. 

Q.  In  many  areas  that’s  here. 

A.  Yes,  and  where  it  is  not,  they 
have  problems.  We  need  an  intensi¬ 
fication  of  the  education  of  an  en¬ 
gineer,  to  be  a  businessman. 

Q.  How  do  you  do  this? 

A.  That’s  a  good  question.  I 


don’t  know.  You  either  take  time 
out  to  teach  him,  or  he  absorbs  it 
by  osmosis,  through  his  skin.  For¬ 
tunately,  the  engineering  mind — I 
distinguish  between  that  and  the 
scientific  mind — has  inherently  a 
good  approach  to  business,  because 
it  goes  in  by  the  analytical  route. 
The  scientific  mind,  not  so  much  so. 

Q.  Even  in  the  laboratory? 

A.  Here  is  one  of  the  great  chal¬ 
lenges  of  the  time — the  manage¬ 
ment  of  R&D  activity.  The  people 
that  you  mu.st  depend  upon  for 
imaginative  ideas  must  be  given  the 
technical  freedom,  and  provided 
with  the  re.sources  necessary  to  un¬ 
limber  their  imagination.  Yet  in 
the  field  of  cold  economics  there  has 
to  be  .some  limit.  So  the  ability  to 
challenge  them  within  reasonable 
bounds  and  not  inhibit  their  imagi¬ 
nation  rests  on  management.  Some¬ 
body  has  to  boss  the  laboratory  as  a 
laboratory.  But  somebody  else  has 
to  bo.ss  it  as  a  business  mechanism. 

Q.  Do  yon  have  any  suggestions? 

A.  We  have  to  train  ’em. 

Q.  What  is  the  engineer’s  respon¬ 
sibility  to  management? 

A.  This  depends  on  management. 
It  doesn’t  depend  on  the  researcher. 
You  can  draw  the  man  out  if  you 
know  how,  and  if  you  have  an  un¬ 
derstanding  of  what  he’s  probably 
thinking  about;  and  if  he  can  talk 
to  you  with  a  feeling  that  you  un¬ 


derstand  him,  he  won’t  stay  back. 

Q.  There’s  talk  about  central  pur-  ■ 
chasing  of  components  by  the  serv¬ 
ices.  What  are  your  views? 

A.  We  just  hope  somebody  around 
has  enough  judgment  to  know 
where  to  quit,  with  these  things. 

Getting  back  to  management,  it’s 
important  to  motivate  people  to 
give  you  a  little  more  than  they 
know  how  to  do. 

Q.  Even  when  they  aren’t  aware 
they  can  give  a  little  more? 

A.  Precisely.  They  do  it  if  their 
opportunities  are  made  proper  to 
them  and  if  they’re  put  in  a  frame 
where  doing  what  they  want  to  do 
themselves  is  also  doing  what  you 
want  them  to  do. 

Q.  Proprietary  rights  have  long 
been  a  hone  of  contention.  How 
much  should  a  company  be  able  to 
keep  of  its  secrets,  and  how  much 
should  the  government  keep? 

A.  I  think  this  comes  down  to  a 
basic  principle  in  equity.  What  the 
government  has  paid  for,  the  gov¬ 
ernment  should  be  able  to  keep; 
what  the  government  has  not  paid 
for,  the  government  has  no  right  to. 
I  do  not  believe  there  is  any  rea¬ 
son  for  the  government  to  restrict 
the  commercial  application  of  a  par¬ 
ticular  idea,  but  the  one  thing  that 
I  was  opposed  to  in  the  service  is 
the  artificial  creation  of  commercial 
competition  by  the  government. 
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Control  and  recording  console  in  central  recording  build¬ 
ing  of  detection  station 


Top  of  underground  vault  with  earth  cover  removed.  Pole 
supports  line  terminations 


Station  Detects  Underground  Nuclear  Blasts 

Air  Force  station  in  southern  Oklakowa  may  promote  international 
agreement  on  stopping  nuclear-weapons  tests.  It  uses  21 
seismometers,  phototube  amplifiers  and  frrocessing  equipment 


TWENTY-ONE  SEISMOMETERS  (earth- 
motion  detectors)  are  now  being 
readied  in  the  Wichita  Mountains, 
Oklahoma  for  recording  clandestine 
underground  nuclear  explosions. 
The  instruments  and  support  equip¬ 
ment  are  identical  to  those  recom¬ 
mended  by  the  conference  of  ex¬ 
perts  that  met  in  Geneva  in  1958 
to  study  controlled  cessation  of  nu¬ 
clear-weapons  testing.  The  detector 
station  was  engineered  by  the  Geo¬ 
technical  Corp.  of  Dallas  under 
technical  supervision  of  the  Air 
Force  Technical  Applications  Cen¬ 
ter.  It  is  being  operated  by  these 
two  organizations.  Overall  direc¬ 
tion  is  by  Defense  Dept’s  Advanced 
Research  Projects  Agency  as  part 
of  its  Project  Vela. 

Successful  completion  of  detec¬ 
tion-station  tests  are  expected  to 
influence  efforts  to  achieve  interna¬ 
tional  agreement  on  controlled  ces¬ 
sation  of  nuclear-weapons  testing. 

Selection  of  the  Wichita  Moun¬ 
tain  site  was  made  because  micro- 
seismic  noise  (minute  natural  vi¬ 
brations  of  the  earth)  is  a  minimum 
in  this  area.  Man-made  noise  from 
large  cities  contributes  to  micro- 
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seismic  noise;  this  rules-out  some 
major  university  sites,  which  other¬ 
wise  might  have  been  ideal. 

Electronic  support  equipment  in¬ 
creases  the  sensitivity  of  the  seis¬ 
mometers,  which  are  set  in  under¬ 
ground  vaults.  The  pattern  of 
underground-vault  arrangement 
and  the  distance  between  seismo- 
eters  is  such  that  the  detector 
system  has  optimum  directivity. 

The  seismometers  detect  motions 
within  the  earth  in  both  vertical 
and  horizontal  directions.  Result¬ 
ing  electric  signals  are  amplified 
and  recorded.  Earth  motion  as 
small  as  0.000001  inch  occurring  at 
a  frequency  of  about  one  oscillation 
a  second  can  be  picked  up.  The 
vaults  are  water-and-pressure  tight 
and  are  covered  with  one  or  two 
feet  of  earth  to  insulate  the  instru¬ 
ments  from  temperature  changes. 

Despite  precautions  to  safeguard 
the  instruments,  basic  physical  phe¬ 
nomena  may  determine  the  system’s 
success  in  differentiating  between 
minor  earthquakes  and  under¬ 
ground  nuclear  explosions.  The 
originating  force  of  all  earthquakes, 
large  or  small,  is  generated  beneath 


the  earth’s  crust.  Man  made  nu¬ 
clear  explosions  cannot  occur  at 
these  depths.  Thus,  directivity  not 
force  is  the  prime  factor  in  deter¬ 
mining  the  existance  and  location 
of  nuclear  explosions,  and  differen¬ 
tiating  them  from  earthquakes. 
Since  passage  of  shock  waves 
through  the  crust  is  more  difficult 
than  through  the  denser  earth  core, 
underground  explosions  may  not  be 
readily  detected  over  long  distances 
unless  the  detector  is  highly  sensi¬ 
tive. 

Four  types  of  seismographs 
(seismometer  plus  amplifier  and  re¬ 
corder)  are  used  to  distinguish  be¬ 
tween  earthquakes  and  explosions. 
Long-period  seismographs  are  best 
suited  for  the  detection  of  long- 
period  surface  waves  associated 
with  explosions.  Short-period  seis¬ 
mographs  best  detect  shorter-period 
body  waves  associated  with  quakes. 
Rejection  of  the  shorter-period  sig¬ 
nals  is  made  by  the  narrow-band 
seismographs  that  emphasis  a 
period  range  of  1  to  3  seconds.  For 
large  disturbances,  the  broad-band 
seismograph  responds  equally  well 
to  several  wave  types  issuing  from 
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Phototube  amplifier  eovverta  eeiemom- 
eter  pickup  to  electrical  signals 


locations  within  the  earth,  although 
it  is  limited  by  microseismic  noise. 
The  combination  of  narrow  and 
broad-band  equipment  may  enable 
the  detector  system  to  gather  com¬ 
plete  data  on  all  significant  earth 
disturbances  and  to  distinguish  be¬ 
tween  explosions  and  quakes. 

The  phototube  amplifiers,  which 
amplify  the  electrical  signals  from 
the  seismometers  before  sending 
them  to  the  recording  equipment, 
are  also  of  two  types:  short-period 
and  long-period.  They  are  the  same 
except  for  the  type  and  period  of 
the  galvanometer  used  to  obtain 
initial  amplification.  The  light  re¬ 
flected  from  the  galvanometer 
mirror  falls  on  two  photocells.  As 
the  galvanometer  deflects  in  re¬ 
sponse  to  seismometer  signals,  the 
light  varies  in  intensity  but  does 
not  change  its  position  on  the  photo¬ 
cells,  thus  improving  linearity.  The 
amplifiers’  internal  noise  level  is 
low  enough  to  permit  seeing  the 
thermal-agitation  noi.se  (Johnson 
noise)  of  the  seismometer  coils. 
Amplifiers  have  a  dynamic  range 
of  over  70  decibels. 

Begun  in  1959,  the  station  was 
completed  last  October.  Evaluation 
of  the  observatory’s  performance 
will  be  available  to  the  scientific 
community  and  to  the  delegates  of 
the  United  States,  the  U.S.S.R.,  and 
the  United  Kingdom  who  are  now 
negotiating  in  Geneva  to  arrive  at 
a  treaty  on  the  controlled  cessation 
of  nuclear  weapons  testing.  The 
station  records  seismometer  read¬ 
ings  on  both  magnetic  tape  and  film. 


FACSIMILE  RECORDER 
REPRODUCER...A  TOTAL  RECALL 
GRAPHIC  MEMORY 


The  AIRCOM  Modernization  Program. 
Project  Quick  Fix,  is  aimed  at  improv¬ 
ing  the  entire  communications  net¬ 
work  which  links  United  States  mili¬ 
tary  and  weather  installations 
throughout  the  world.  An  essential 
part  of  that  program  is  the  Crosby- 
Teletronics  magnetic  tape  Facsimile 
Recorder  Reproducer.  It  receives  and 
stores  all  types  of  vital  graphic  infor¬ 
mation,  retransmitting  it,  automati¬ 
cally  or  on  command,  when  transmis¬ 
sion  conditions  are  more  favorable 
or  proper  routes  available. 

If  you  have  an  application  requiring 
reliable  long-range  transmission  of 
maps,  weather  information  or  any 
other  graphic  material,  this  advance 
design,  electronic  "brain"  may  be 
your  answer.  Write  for  information 
on  Model  RR-290,  Facsimile  Recorder 
Reproducer  (GXH4).  It  is  another  ex¬ 
ample  of  Crosby-Teletrenks  Cerpera- 
tien  leadership  in  test  equipment, 
vacuum  research  and 


communications 


Cresby-Teietrinics  Csrporatieii  *  54  Kiakel  Street  •  Westbury,  Lang  Island,  New  Verb 
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Clevite’s  rectifiers  find  broad  use  as  general  purpose 
diodes  in  computers  and  as  rectifier’s  in  magnetic 
amplifiers,  dc  to  dc  con/erters  and  po  ver  supplies. 

fne/  are  particu'arl/  useful  in  airborne  applications 
.vbere  s.vitcning  of  equip  nent  may  generate  high  volt¬ 
age  transients  in  tne  line  vhich  Aiouid  burn  out  ordinary 
diodes.  Designed  for  ma<imum  reliabilit/,  Clevite  recti¬ 
fiers  provide  nig'n  dissipation  —  oDD  m  v  .  .  .  high  voltage 
—  up  to  53D  V  .  .  .  nigh  temperature  —  up  to  150  ma 
at  I5rc. 


Where  fast  s.vitching  is  not  required,  tnese  rectifiers 
offer  definite  advantages  in  size,  costs  and  superior 
overload  protection.  They  are  availab'e  m  military  types 
C':nfarming  tstMIL-E-l/l^B  (US^F). 


•  Send  for  bulletin  B217-3B 
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200  Smith  Street,  Waltham 
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400 
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400 

200 
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AIR  FORCE  TROPO  TIES 
ENGLAND  TO  AFRICA 


Newest  link  hops  500  miles  and  features 
high-power  transmission  gear  mm  at  75  Kw 


THIS  WEEK  a  multimillion-dollar 
troposcatter  system  for  the  U.  S. 
Air  Force  is  starting  in  Spain.  The 
new  three-hop  network  will  join 
Morocco,  Spain  and  England  with 
high-quality  voice  circuits. 

The  project  incorporates  the 
earlier  Senorita  tropo  circuit  be¬ 
tween  Northern  Africa  and  south¬ 
ern  Spain  that  was  completed  in 
1958  and  upgraded  last  year  to 
match  the  new  network.  In  the  new 
system,  the  first  link  from  south¬ 
ern  Spain  goes  northward  approx¬ 
imately  250  miles ;  .second  link  goes 
about  200  miles  further  to  the 
Spani.sh  border.  The  final  hop 
stretches  more  than  500  miles  to 
southern  England. 

Connections  with  a  commercial 
telephone  system  will  tie  in  air 
bases  in  England.  Similarly  in 
Spain,  tie-in  facilities  will  be  pro¬ 
vided  at  each  repeater  site. 

Prime  contractor,  Page  Commun¬ 
ications  Engineers,  Inc.,  Washing¬ 
ton,  D.  C.,  a  subsidiary  of  Northrop 
Corp.  is  controlling  operations 
from  Madrid  and  working  closely 
with  U.  S.  Government  agencies 
there.  Basic  engineering,  in 
progress  for  over  a  year,  is  now 
practically  complete.  Equipment 
has  been  ordered  from  U.  S.  and 
overseas  manufacturers.  Deliveries 
beginning  w'ithin  the  next  few 
months  with  dovetail  with  building 
completions  now  slated  for  this 
month  or  early  1961. 

Basic  equipment  in  the  system 
is  the  AN/FRC-39(V)  tropospheric 
scatter  radio  terminal  made  by 
Radio  Engineering  Laboratories, 
New  York.  This  transmitter-re¬ 
ceiver  gear,  similar  to  that  being 
procured  for  BMEWS,  operates  in 
the  755  to  985-Mc  region.  The 
Spain-UK  system,  will  have  24  voice 
channels  initially  of  its  full  240- 
channel  capacity.  The  equipment 


uses  parametric  amplifiers  in  the 
front  ends  of  the  receivers  and  is 
designed  for  an  intermodulation 
distortion  figure  between  adjacent 
channels  of  55  db.  The  FRC-39(V) 
contains  its  own  exciters  and 
quadruple  diversity  receivers  as 
well  as  a  10-Kw  power  amplifier. 

The  FRC-39(V)  will  operate  a 
10-Kw  power  level  on  all  links  of 
the  project  except  for  the  500- 
mile  path  between  England  and 
Spain  where  more  power  is  needed. 
A  high-power  amplifier  made  by 
Levinthal  Electronics  using  a 
Varian  klystron  capable  of  provid¬ 
ing  75  Kw  is  being  used  for  the 
Spain  to  England  hop. 

Multiplexing  equipment  will  be  a 
frequency-division  type  designed 
and  manufactured  by  Siemens  & 
Halske,  We.st  Germany.  The  gear 
has  been  in  military  use  in  Ger¬ 
many  and  also  on  the  Senorita  cir¬ 
cuit,  where  it  was  in.stalled  six 
months  ago  as  a  first  step  in  the 
overall  upgrading  project. 

Antennas  for  the  new  system  will 
be  60-ft  and  120-ft  billboard  types 
built  to  withstand  175-mph  winds 
and  six  inches  of  ice  while  main¬ 
taining  extremely  close  deflection 
tolerances.  They  are  being  made 
by  Blaw-Knox  in  England  and  will 
be  shipped  to  the  site  by  the  end 
of  this  year. 

In  addition  to  the  problems  of  the 
500-mile  hop  to  England  are  nat¬ 
ural  geographic  difficulties  in 
Spain.  The  northern  Spanish  ter¬ 
minus  is  mostly  rock  swept  by  high 
winds  and  thunderstorms  in  sum¬ 
mer,  violent  snow-storms  in  winter. 
It  is  fifty  winding  miles  from  the 
nearest  town  and  over  a  hundred 
miles  by  twisting  mountain  roads 
to  the  neare.st  Air  Force  base. 

The  site  in  central  Spain  lies  on 
a  mesa  near  an  ancient  town  that 
this  year  is  getting  its  first  run¬ 


Route  of  UK-Spain  troposcatter 
communication  network 


ning  water.  But  this  location  pro¬ 
vides  ideal  radio  paths  in  three  di¬ 
rections  and  will  become  a  junc¬ 
tion  point  with  a  future  tropo  sys¬ 
tem  heading  eastward  across  the 
Mediterranean.  The  main  building, 
housing  the  electronic  equipment 
will  be  large  enough  to  accommo¬ 
date  three  complete  tropo  terminals 
and  an  automatic  telephone  switch¬ 
ing  center. 

The  southernmost  site  in  Spain 
near  San  Pablo  is  on  a  municipal 
air  field  close  to  the  existing  tropo 
site  for  the  circuit  to  Northern 
Morocco,  and  also  the  USAF  Com¬ 
munications  Relay  Center. 

A  feature  of  the  new  link  sys¬ 
tem  will  be  its  automatic  switch¬ 
ing  facilities  slated  for  a  channel 
control  center  to  be  installed  at  a 
site  near  Madrid.  This  will  be  the 
latest  model  crossbar  4-wire  switch¬ 
ing  equipment  manufactured  by 
North  Electric  Co.  It  will  be  pos¬ 
sible  for  a  subscriber  anywhere  in 
the  airbase  complex  being  served  to 
reach  any  other  subscriber  by  dial¬ 
ing  a  set  of  code  numbers.  Signaling 
equipment  of  the  CV-566  type, 
manufactured  by  Lynch  Electric 
Corp.  for  the  Signal  Corps,  will 
activate  the  automatic  switching 
equipment. 

Page,  now  operating  Senorita 
will  operate  the  entire  new  com¬ 
plex  for  a  year  after  completion. 
The  system  is  expected  to  be  on 
the  air  by  summer,  1961. 


CIRCLE  36  ON  READER  SERVICE  CARD 


37 


Air  Route  Radars  to  Get  More  Range 


High-power  transmitters,  parametric  preamplifiers  will  increase 
range  of  L-hand  units.  The  UO  now  operating  cost  $96  million 


BY  THE  END  OF  THIS  YEAR,  U.  S. 
major  airports  will  rack  up  22  mil¬ 
lion  takeoffs  and  landings.  There 
were  only  4  million  in  1946,  15  mil¬ 
lion  in  1956.  By  1965  the  total  will 
hit  30  million  and  rise  to  35  million 
by  1970. 

Growing  congestion  along  U.  S. 
airways  is  making  long-range  radar 
increasingly  important  in  the  Fed¬ 
eral  Aviation  Agency’s  effort  to 
keep  control  over  air  traffic.  FAA 
has  already  committed  $96  million 
to  building  up  a  network  of  air 
route  surveillance  radars  (ARSR), 
wants  a  system  to  keep  all  aircraft 
under  continuous  surveillance. 

The  L-band  ARSRs  are  already 
spotted  around  the  country.  So  far, 
40  installations  are  complete  or 
nearly  finished.  Of  these,  29  are  run 
by  FAA.  11  by  Air  Defense  Com¬ 
mand. 

The  first  of  these  stations  began 
operating  in  1957  when  operations 
were  still  under  control  of  Civil 
Aeronautics  Administration.  At 
that  time,  a  $9-million  contract  was 
awarded  to  Raytheon  for  26  instal¬ 
lations.  Another  contract  for  three 
installations  went  to  General  Elec¬ 
tric. 

Since  then,  contracts  have  been 
let  for  18  more  stations. 

The  last  eight  stations  ordered 
contain  design  changes  which  in¬ 
crease  range  by  stepping  up  trans¬ 
mitter  power  and  through  use  of 
parametric  preamplifiers  for  re¬ 
ceivers,  and  special  antennas.  The 
new  units  are  designed  ARSR-2. 

FAA  has  contracted  .separately 
for  changeover  of  older  stations  to 
the  new  design. 

Use  of  Raytheon’s  Amplitron 
tube  boosts  transmitter  power  out¬ 
put  from  500  Kw  peak  to  4,000  Kw, 
giving  a  68-percent  range  increase. 

According  to  FAA  deputy  admin¬ 
istrator  J.  T.  Pyle,  the  ARSR-2  can 
detect  a  small  jet  aircraft  like  the 
T-33  at  altitudes  of  more  than  80,- 
000  ft,  170  miles  away.  The  new  ra¬ 
dar  picks  up  large  passenger  planes 


Display,  left,  shows  conventional  radar  presentation  obscured  by  ground 
clutter  and  storm  return;  display,  right,  is  cleaned  up  by  moving  target 
indicator  and  circular  radar  polarization 


at  a  range  of  more  than  200  miles. 

The  new  system  also  has  a  mov¬ 
ing  target  indicator  (MTI)  with 
only  one  speed  blind  spot.  (Previ¬ 
ous  MTIs  for  ARSR  radar  had  sev¬ 
eral  speed  blind  spots  between  zero 
and  600  knots.)  The  new  sy.stem  is 
blind  only  to  aircraft  flying  towards 
the  station  at  560  knots,  the  speed 
of  sound  at  40,000  ft.  This  speed 
was  chosen  as  the  blind  spot  since 
most  planes  fly  on  either  side  of  the 
sound  barrier,  seldom  maintaining 
the  speed  of  sound  at  that  .specific 
altitude. 

New  design  allows  selection  of 
either  linear  or  circular  radar- 
signal  polarization.  This  minimizes 
excessive  clutter  from  atmospheric 
cau.ses  by  giving  the  operator  a 
chance  to  detect  storm  clouds,  then 
eliminate  them  from  the  scope.  Cir¬ 
cular  polarization  cuts  down  return 
from  spherical  raindrops,  passes 
echoes  from  other  shapes.  The  cir¬ 
cular  polarizer  is  fitted  into  the 
waveguide  beneath  the  antenna 
horn. 

To  help  pinpoint  targets,  the  op¬ 
erator  can  superimpose  a  ground- 
area  map  projection  on  the  scope 
electronically.  If  the  range  setting 
of  the  radar  is  changed,  the  map 
changes  accordingly. 


The  16-in.  ppi  scope  is  said  to  be 
300  times  brighter  than  older 
scopes  and  give  high  definition 
(945-line  resolution)  while  main¬ 
taining  gray  shades. 

Scan-converter  presentation  in¬ 
cludes  normal  video,  MTI  video, 
beacon  or  iff  video,  video  mapping 
and  combinations  of  these  displays. 
Sweep  ranges  are  25,  50,  100  and 
200  nautical  miles.  Each  scan  con¬ 
verter  can  supply  data  to  a  number 
of  remote  displays.  Each  display 
can  present  the  total  master  display 
or  a  sector  of  it.  The  system  also 
allows  remote  presentations  by  mi¬ 
crowave  relay  in  real  time,  or  by 
relay  over  telephone  lines  with 
slight  delays. 

In  addition  to  use  by  F.\A,  the 
ARSR  radar  equipment  is  also  be¬ 
ing  used  by  Canada’s  Department 
of  Transport,  which  maintains  a 
network  of  15  installations.  Ray¬ 
theon  is  currently  installing  tw’o  of 
the  systems  for  Radio  Suisse,  one 
in  Zurich  and  one  in  Geneva,  Also 
in  preparation  is  a  system  for  the 
Lebanese  government. 

U.  S.  armed  services  are  using 
ARSR  equipment  in  air-defense  in¬ 
stallations,  tying  into  FAA’s  overall 
traffic-control  network  where  mutu¬ 
ally  convenient. 
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PROPERTY 


UNIT 


AISiMag 

243 


0  to  .02 
Imporviow* 


Wator  Abaorpiion 


Dentity 


Lbt.  pcf  cu.  in. 


Soltailing  Tamparatura 


«  I  440 
2  &24 


1  000 
1  S32 


Safa  Tamparatura  at 
Continuotft  Haat 


Mohs'  Scala^ 


10.0  II  10  “ 
112  K  10  * 


25-300*C. 

25-700*C. 


Tharmal  Expansion 
linaar  Coafficiant 


lbs.  par  sq.  in. 


Tatiailo  Strangth 


Comprassiva  Strangth 


20  000 


flaxural  Strangth 


Inch-lbs. 


Rosiftanca  to  Impact 
{^/i"  rod) _ 


g.  cal.  X  cm.  thick 
cm*  X  sac,  x  dag.  C. 


.008 


Tharmal  Conductivity^ 
(Approximata  Values) 


Volts  par  mil 


Oialactric  Strangth 
(stap  60  cyclas) 

Tast  discs  Vk”  thick 


Ohms 

cantimatar 

Cuba 


Ta  Valua^ 


0051 


100  MC. 
10,000  MC. 


A. 


sealing 


hermetic 


LOSS 


LOW 


These 


Advantageous  Properties 


Note 


The  low  loss,  Te  value  and  thermal  expansion  charac 
teristics  of  Forsterite  ceramics  are  not  equalled  by  any 
other  impervious  ceramic.  This  is  especially  important 
when  high  frequencies  or  sealing  to  metals  or  glasses 
is  involved. 


These  properties  hove  created  a  steadily  increasing 
demand  for  AISiMag  243.  In  the  past  two  years  major 
improvements  have  been  made  on  this  material  and 
its  fabrication.  We  are  now  producing  components 
formerly  unattainable  in  this  material  and  the  number 
of  applications  is  constantly  increasing. 


If  your  application  requires  the  favorable  characteristics 
of  AISiMag  243,  why  not  send  us  your  blue  prints  and 
outline  your  operating  conditions?  If  it  is  possible  that 
your  requirements  con  be  met,  we  will  be  glad  to  work 
with  you  at  reasonable  cost  on  prototypes  for  your 
practical  tests.  Test  discs  approximately  1/2"  x  3/32" 
ore  available  with  our  compliments. 


Impervious 


Thermal  Expansion  compatible  ^ 
with  glass-sealing  alloys  M 

fnirlrol.Iran  cpriocl  fW 


(nickel-iron  series 


Unusually  high  Te  Value 


Low  Loss  especially 
at  high  frequencies 


A  SubfSdiarY  of 
Minnoaota  Mining  and 
Manufacturing  Company 


ly 


CORPORATION 


CHATTANOOGA  5.  TENN. 

5«TH  YEAR  OF  CERAMIC  LEADERSHIP 


For  tarvice,  contact  American  Lava  repreaentativei  in  OfRcai  of  Minnesota  Mining  &  Manufacturing  Co.  in  these  cities  (see  your  local 
telephone  directory):  Boston:  Newton  Center,  Mass.  •  Chicago;  Bedford  Park,  III.  •  Cleveland,  O.  •  Dallas,  Texas  •  Los  Angeles,  Cal. 
New  York;  Ridgefield,  N.  J.  •  Philadelphia,  Pa  •  St.  Louis,  Mo.  •  St,  Paul,  Minn.  •  So.  San  Francisco,  Cal.  •  Seattle,  Wash, 
i  All  other  export:  Minnesota  Mining  &  Manufacturing  Co.,  International  Division,  99  Park  Ave.,  New  York,  N.  Y. 


Soviet  Journal  Blasted  for  Errors 


VARIAN 

Potentiometer 

RECORDERS 


'')URNAL  of  the  Scientific-Technical 
Societies  of  the  USSR  recently 
'jlasted  Radiotekhnika,  one  of  the 
major  electronics  publications  in 
the  Soviet  Union,  for  its  “sterile 
scientific  mannerism.”  for  too  much 
discussion  and  too  few  hard  facts, 
and  for  errors — both  factual  and 
doctrinal. 

Radiotekhnika  is  the  orfran  of  the 
Popov  Society — the  Scientific-Tech¬ 
nical  Society  of  Radio  Engineering 
and  Electrocommunications — which 
is  roughly  equivalent  to  the  U.  S. 
Institute  of  Radio  Engineers.  The 
magazine  devotes  itself  to  practical 
electronics. 

The  critical  article  in  the  journal 
of  the  parent  group  remarked  that 
papers  published  by  Radiotekhnika 
“should  broadly  illuminate  practical 
problems,  taking  into  account  the 
needs  of  research,  educational  and 
planning  institutes,  and  industry.” 
Instead,  the  journal  has  “broken 
away  from  the  radio-engineering 
public,”  publishes  papers  “over¬ 
loaded  with  cumbersome,  ill-con¬ 
ceived  formulas,”  takes  papers 


“without  adequate  review  .  .  .  with¬ 
out  any  refereeing  and  on  insuffi¬ 
cient  grounds.”  prints  thesis  works 
“to  an  unwarranted  extent.” 

Other  criticisms;  “members  of 
the  editorial  board  have  u.sed  their 
official  position  for  pu.shing  through 
their  own  papers  and  those  of  pre¬ 
ferred  authors.”  One  member  “even 
wrote  a  favorable  decision  on  his 
own  paper.”  Discussion  papers  have 
been  inserted  with  “no  kind  of  com¬ 
ment;  if  such  comments  are  pub¬ 
lished,  they  contain  serious  errors.” 

More  seriously  .still,  the  manag¬ 
ing  editor  is  accused  of  deducting 
sums  from  authors’  fees,  referees’ 
payments  and  printers’  costs;  other 
editors  have  been,  it  is  said,  “moon¬ 
lighting”  and  freelancing  (illegal  in 
the  USSR). 

In  one  specific  instance,  the  edi¬ 
torship  was  blasted  for  refusing  to 
follow  the  party  line  regarding 
noise  immunity.  Last  year,  Radio¬ 
tekhnika  published  a  paper  which 
evaluated  noise-interference  im¬ 
munity  in  terms  of  signal-to-noise 
ratio;  official  view  is  that  noise  im- 


Used  by  the  thousands 
because  . . . 


50-Million  Watt  Radar 


Equipment  manufacturers 
praise  the  Varian  G-llA  be¬ 
cause  it  fits  neatly  into  instru¬ 
ment  panels,  occupying  Vth  the 
space  of  a  conventional -sized 
recorder.  Lab  men  appreciate 
Varian’s  portable  versions  be¬ 
cause  they  add  so  little  clutter 
to  bench  or  table. 


1%  limit  of  error;  1  or  2)S  second  full- 
scale  balancing  lime;  ranges  from 
0-9  millivolts  to  0-100  volts;  wide 
choice  of  speeds,  accessories  and 
charts;  prices  from  $385.  For  all  the 
farts,  write  the  Instrument  Division. 


sssociates 

PALO  ALTO  L  CALIFORNIA 


Experimental  radar  being  built  at  Cornell  Aeronautical  Lab  will  be  used 
to  study  ability  of  high-peak-power  microwaves  to  penetrate  ionosphere 
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TARZIAN 

TUNERS 


Noted  for  their 


DEPENIMI5ILITY 
...HIGH  QUALITY 
I  and  LOW  COST 


munity  can  be  evaluated  only  by 
figuring  the  probability  of  error  in 
reception. 

The  magazine  publi.shed  the 
paper  without  comment;  readers 
close  to  the  party  pulse  wrote  in¬ 
dignant  letters;  Radiotekhnika 
printed  a  conclusion  to  the  effect 
that  either  method  was  reasonable. 


Thermonuclear  Reaction 
Controlled  1  1,000  Sec. 

LIVERMORE,  CALIF. — Scientists  at 
the  University  of  California 
Lawrence  Radiation  Lab  here  re¬ 
port  the  confinement  of  deuterium 
plasma  at  a  temperature  of  35  mil¬ 
lion  degrees  C  for  a  period  of 
1/1000  .sec.  The  e.xperiment  was 
significant  because  for  the  first 
time  hot  ions  were  involved,  a  situa¬ 
tion  nece.ssary  in  achieving  usable 
long-time  thermonuclear  reactions. 

To  achieve  confinement,  phys¬ 
icists  used  a  “multistage  magnetic 
compression  mirror  machine.”  The 
machines  heats  the  plasma  by  con¬ 
fining  it  magnetically  in  several 
successive  stages  as  it  travels  to¬ 
ward  areas  of  higher  magnetic  field. 
Two  stages  of  the  machine  were 
utilized;  a  three-.stage  te.st  may  be 
carried  out  next  year. 

Strength  of  magnetic  field  in  the 
mirror  machine  increases  from  600 
gauss  at  point  of  injection  of 
plasma  to  20,000  gauss  at  a  point 
10  feet  away.  Pulsed  magnetic 
fields  drive  the  ions  to  regions  of 
higher  potential  until,  at  the  final 
stage,  they  are  heated  to  35  million 
degrees  C  and  confined  in  an  area 
roughly  the  size  and  shape  of  a 
football.  Confinement  is  maintained 
by  surrounding  the  ions  with  a 
region  of  higher  magnetic  force  at 
either  end. 

Physicists  were  encouraged  by 
finding  that  the  plasma  did  not  dis¬ 
sipate  until  the  magnetic  field  was 
relaxed — in  other  words,  the  con¬ 
finement  time  appears  to  be  limited 
only  by  the  period  during  which  an 
exceptionally  strong  and  stable 
magnetic  field  can  be  maintained. 

The  number  of  particles  per  cubic 
inch  of  plasma  was  estimated  at 
one-millionth  the  number  that 
would  be  in  a  cubic  inch  of  air.  This 
approaches  the  figure  that  in  theory 
would  be  required  in  a  mirror  ma¬ 
chine  fusion  reactor. 


(turret-type) 


SILVER  SEALED 
(switch-type) 


(FM)  Tuner 


That’s  why  the  world’s  leading  set  manufacturers  rely  on 
the  trouble-free  Tarzian  Tl^ner  for  the  excellent  performance 
of  their  receivers. 


Today  Tarzian  Tuners  are  backed  up  by  more  than 
15  years  of  experience  in  the  design  .  .  .  development . , , 
and  production  of  more  than  15  million  TV  Tuners. 

And,  Tarzian  is  the  only  commercial  manufacturer  offering 
both  the  Hot  Rod  (turret-type)  and  Silver  Sealed 
(switch-type) ...  as  well  as  the  newer  Hi  Fi  FM  Tuner. 
All  embody  the  high  standards  of  Quality  .  .  . 
Dependability  .  .  .  and  Performance  that  have  made 
Tarzian  a  leader  in  the  field. 


For  more  information,  write  to:  Sales  Department 
Tuner  Division 


east  hillside  drive  •  bloomington,  indiana 

Manufacturers  of  Semiconductors.  Air  Trimmers  and  Broadcast  Eouiomeot 
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No  Limit  to  Ion  Beam  Focusing 


supply  that  provides  a  regulated 
klystron  beam  potential. 

Extreme  complexity  of  tunnel- 
diode  circuits  is  likely  to  limit  their 
use  to  few-nanosecond  high-speed 
access  registers  of  computer  memo¬ 
ries,  leaving  50-100  nanosecond  ap¬ 
plications  to  simpler,  less  costly 
thin  films,  concluded  Arthur  Pohm, 
associate  professor,  Iowa  State 
University,  Ames,  following  his 
survey  of  magnetic-film  devices  and 
their  use  in  parametric  amplifiers, 
parametrons  and  balanced  modu¬ 
lators. 

Electronic  instrumentation  is  on 
threshold  of  tremendous  boom, 
Robert  Combs,  U.  of  Nebraska,  pre¬ 
dicted  in  describing  a  biomedical 
engineering  program  at  the  school. 
Graduates  have  completed  projects 
such  as  a  feasibility  system  for 
wirele.ss  transmission  of  medical 
data,  a  low-frequency  portable  f-m 
transmitter  and  a  prototype  three- 
channel  integrator. 


KANSAS  ClT  Y — Futu  re  break¬ 
throughs  in  semiconductors  will 
come  from  techniques  we  haven’t 
thought  of  yet,  said  William  Shock- 
ley,  one  of  the  inventors  of  the 
transistor,  to  600  banqueteers  at 
Mid-American  Electronics  Confer¬ 
ence  here  recently.  He  predicted 
methods  for  seeding  a  biaxial  crys¬ 
tal  and  ion  bombardment  of  fast¬ 
switching  thin  films  for  high-fre¬ 
quency  applications.  “There’s  no 
theoretical  limit  to  fine  focusing  of 
an  ion  beam,’’  said  Shockley. 

Semiconductors  were  featured  in 
more  than  half  of  38  papers.  They 
ranged  in  complexity  from  a  tu¬ 
torial  presentation  of  theory  by 
Prof.  John  Warfield  of  Kansas  Uni¬ 
versity  through  description  of  a 
nanosecond-range  bistable  cryosar 
memory  by  Louis  Fay,  Bryant  Com¬ 
puter  Products,  Walled  Lake,  Mich., 
to  use  of  gallium  arsenide  tunnel 
diodes  in  amplifier,  oscillator, 
switching  and  hybrid  circuits,  by 
James  Shipley,  Texas  Instruments 
Incorporated,  Dallas. 

A  transistorized  magnetron-mod¬ 
ulator,  smaller  and  more  efficient 
than  an  equivalent  vacuum-tube 
circuit,  was  described  by  F.  A. 
Gateka,  Bell  Telephone  Labs.,  Lau- 
reldale.  Pa. 

L.  G.  Larsen,  University  of  Ari¬ 
zona.  demonstrated  design  and  low- 
noise  characteristics  of  a  coaxial¬ 
line  parametric  amplifier  in  the  72- 
Mc  range.  H.  C.  Hoyt,  McDonnell 
Aircraft,  St.  Louis,  described  a  28- 
volt  transistorized  inverter  power 


FAIRCHILD  2N706  SILICON  LOGIC  TRAN¬ 
SISTORS  AND  FD  100  ULTRA  FAST 
SWITCHING  DIODES  ARE  IMMEDIATELY 
AVAILABLE  COAST-TO-COAST  FROM  THESE 
SOURCES. 


FRANCHISED  FAIRCHIIO  DISTRIBUTORS: 
Ouantitics  I  •  MS 

ALMAC  ELECTRONICS  CORPORATION 
6301  Maynard  Ave.,  Seattle  4,  Washington 
PArliway  3-7310 
CRAMER  ELECTRONICS  INC. 

811  Boylston  St.,  Boston  16,  Massachusetts 
COpley  7-4700 

WUX:  FAX  Boston,  Massachusetts 

OENNY-HAMILTON  ELECTRONICS 

1862V2  Bacon  St.,  San  Diego  7,  California 

Academy  4-3451 

HAMILTON  ELECTRO  SALES 

12308  Wilshire  Boulevard 

Los  Angeles  25,  California 

EXbrook  3-0441,  BRadshaw  2-9154 

TWX:  W  LA  6637 

KIERULFF  ELECTRONICS  INC. 

820  West  Olympic  Boulevard 
Los  Angeles  15,  California 
Richmond  8-2444,  TWX:  LA  46 
PHILA.  ELECTRONICS  INC. 

1225  Vine  St.,  Philadelphia  7,  Pennsylvania 
LOcust  8-7444 

SCHAD  ELECTRONIC  SUPPLY,  INC. 

499  South  Market  St.,  San  Jose  13,  California 

CYpress  7-5858 

SCHWEBER  ELECTRONICS 

60  Herricks  Road 

Mineola,  Long  Island,  New  York 

Pioneer  6-6520,  TWX:  G  CY  NY  580-U 

SCHWEBER  ELECTRONICS.  FLORIDA 

P.  0.  Box  1491,  Melbourne,  Florida 

PArkway  3-4461 

SEMICONDUCTOR  DISTRIBUTOR 
SPECIALISTS,  INC. 

5706  West  North  Ave.,  Chicago  39,  Illinois 

NAtlonal  2-8860 

VALLEY  ELECTRONICS  INC. 

1735  East  Joppa  Road,  Baltimore,  Maryland 

VAIley  5-7820,  TWX:  TOWS  564 

VALLEY  INDUSTRIAL 

ELECTRONICS,  INCORPORATED 

1417  Oriskany  Street  W.,  Utica,  New  York 

RAndolph  4-5168,  WUX:  FAX  Utica,  New  York 

WARD  TERRY  AND  COMPANY 

Electronics  Parts  Division 

P.  0.  Box  869,  Denver  1,  Colorado 

AMherst  6-3181 

FAIRCHILD  FIELD  OFFICitt 
Doantities  of  1000  aitO  up 

LOS  ANGELES,  CALIFORNIA 

8833  Sunset  Boulevard 

OLeander  5-6058,  TWX:  BV  7085 

GARDEN  CITY,  L.  I.,  NEW  YORK 

600  Old  Country  Road 

Pioneer  1-4770,  TWX:  G  CY  NY  5391 

OAK  PARK,  ILLINOIS 

6957  West  North  Avenue 

VI  Mage  8-5985,  TWX:  OAK  PARK  2820 

WASHINGTON  6,  D.  C. 

1027  Cafritz  Bldg.,  NAtlonal  8-7770 
MARBLEHEAD,  MASSACHUSEHS 
19  Preston  Beach  Road,  NEptune  1-4436 
JENKINTOWN,  PENNSYLVANIA 
IDO  Old  York  Road 

Turner  6-6623,  TWX:  Jenkintown  PA  1056 
SYRACUSE,  NEW  YORK 
731  James  Street,  Room  304 
GRanite  2-3391,  TWX:  SS  94 
ORLANDO,  aORIDA 

4935  Susannah  Blvd.,  CRestwood  7-5610 


Germany  Markets 
17-in.  Portable  Tv 

SEVENTEEN-INCH  portable  television 
receiver  recently  put  on  the  market 
by  Korting  Radiowerke  GmbH  of 
West  Germany  ignores  the  transis¬ 
tor  trend,  uses  16  tubes,  sells  for 
$104  at  export  wholesale  without  a 
uhf  tuner.  Picture  tube  is  a  17-in. 
110-deg  type.  Receiver  weighs  35 
lb.,  consumes  170  w,  has  a  silicon- 
diode  rectifier. 


Simulates  Conditions  45  Miles  Up 


mCHILB 


Capmle  instrumentation  and  astronaut  reaction  to  A5-mi  altitude  are  tele¬ 
metered  from  simulator  (Tenney)  by  umbilical  cord  to  readout 
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HP212A 

PULSE 

GEN. 


seMKOMoucroti  coh^orrtioh 

It 


NEW  RELIABILITY 
IN  COMPUTER  L06IC  CIRCUITRY 

WITH  FAIRCHILD  CONTROLLED  LIFETIME  TRANSISTORS  AND  DIODES 

These  Fairchild  transistors  and  diodes  permit  the  design  of  simple,  reliable  computer  logic  circuitry  through  elimi¬ 
nation  of  circuit  clamps  and  speed-up  capacitors.  Also,  transistor  power  dissipation  is  reduced.  Even  in  this  simple 
circuit,  these  Fairchild  diodes  and  transistors  -  because  of  their  controlled  lifetime  characteristics  —  permit  switch¬ 
ing  speeds  of  40  m/tsecond  delays  per  logic  function.  The  transistors  have  low  controlled  storage  time  under  severe 
overdrive  conditions.  The  diodes  have  fast  decay  time  at  very  low  reverse  current  conditions.  Stability  over  the  full 
silicon  temperature  range  of  —55*  C  to  -1-125*  C  provides  high  fan-out  and  very  high  fan-in  capability. 


Write  for  full  informetion  on  this  circuit  and  complete  specifications  on  the  transistor  and  diode. 


545  WHISMAN  RO.  •  MOUNTAIN  VIEW.  CALIF.  •  YORKSHIRE  8-8161 


A  wholly  owned  subsidiary 
of  Fairchild  Camera  and  Instrument  Corporation 


$KCIFICimOHS-FiU8CMR.O  F81W-2S*C  Escape  A*  Noted 


snmi  SATUMTEO  NOR  LOGIC  aUCUIT  USING  FAIRCHILt)  2N706  TRANSISTOR  ANO  F9100  ULTRA  FAST  SWITCHING  DIOOU  GMS  HIGH  SWITCHING  SPEEDS  AND  RaiABU  PERFORMANCE 
+  10.0V  O - » -  ■  ■  ■  ■  ■  ■  e - » - , 


PRF  =  5KC 
PW  =  10  uS 


-FAN  OUT  =  6 


5  Transistor  Delay 


Typical  Propafalion  Delay  fpd=40nsec  ®  25'C  Tpf|remains  unchan|ad  when 
60  nsec  ®  12S°C  all  nodes  fully  loaded 


STM801 

CHARACTEMSTicS 

WH. 

MAX. 

GOKOITIONS  [ 

BV 

Braakdowa  Voltaia 

75 

volts 

®lp-5aA 

>R 

RaaarM  Carrant 

.100  pA 

9Vp-S0v,25*C  1 

»F 

Forward  Vottafa  Drop 

1« 

9lf-10mA  1 

C 

Cipocitaiict 

2M>f 

«V||-0v  1 

trr 

Rtvarse  Rocpviry  Tien 
To  It  •>  1  ma 

fmas 

9 1|_  1, _  lOma 

Moiimum  Power  Dissipotiafl 

250  mw. 

i 

_ 

Tomp.  Riiifo  Oporatmt 
Storap 

-65’Ctel75*C 

-6S*Cle200’C 

i 

RATINSS  AND  CHAMCTERtSTICS  (25*0-2N7M  NPN  DIFFVSa  SILICON  TRANSKTN 

^  STM80L  CIIA«ACTERiSTICS _ RATING  MIN.  TTP.  MAI  TEST  COHeiTIONS 

[  Vqpq  CoHector  to  base  25  v 
noltace 

'  Vfro  Emitter  to  base  3« 

I  volt^e 

I  Total  diuipation,  150  mw 

IOO*C  free  air 
I  ambient 


••FE 

D.C.  pulse  currant 

RtM 

20 

IC-  lOmA 

VC-  lOv 

'^BEtSAT) 

Base  saturation 
vottife 

0.9 

Iq-  lOmA 

IB-  1  mA 

'^aiSAI) 

Colloctor  saturation 
voltafe 

OJ 

0.6 

IC-  10mA 

Ig-lmA 

i 

Small  signal  currant 
(am  at  f  -•  100  me 

4 

l(;>  lOmA 

VC-lOy 

1  Cob 

Collector  capocitanco 
(lAOkc) 

35pf  6pf 

l£-  0mA 

Vc-  lOy 
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Centialab 

CERAMIC  CAPACITORS 
FOR  SEMI-CONDUCTOR 
CIRCUITS 


LESS 

THAN  PAPERS  OR 
ELECTROLYTICS 


These  are  Ultra-Kaps*— 
ultra-miniature  ceramic  ca- 
pacitora  for  any  low  voltage 
use  requiring  extremely  high 
capacities,  low  power  factor 
and  small  size. 

Ultra-Kaps  have  excellent 
stability  from  — 55°C  to 
+  85°C  .  . .  and  there  has 
never  been  a  case  of  elec¬ 
trical  failure  among  the  mil¬ 
lions  of  them  now  in  the 
field. 


SPECIFICATIONS 

10  VDCW  Ultra-Kaps 

Capacitance  Range . 05  to  .47  mfd. 

Sizes . 290’  to  .840'  diam. 

Thickness . 156' 

Power  Factor  at  1  KC .  10% 

3  VDCW  Ultra-Kaps 

Capacitance  Range . 02  to  2.2  mfd. 

Sizes . 125'  to  .840’  diam. 

Thickness . 156' 

Power  Factor  at  1  KC .  3% 

For  complete  technical  data  write 
for  Bulletins  EP-594R  and 
EP-746  or  contact  your 
Centralab  representative. 


The  Electronic*  Oiv.  of  Globe-Union  Inc. 
9I4ME.  Keefe  Ave.  •  Milwaukee  1,Wis. 
In  Canada:  P.  O.  Box  400,  Ajax,  Ontario 


•Trodcmork 


Tv  Techniques  Speed  Phone  Calls 


Photographic  plate  ueed  in  flying 
spot  store  memory.  Each  square  has 
room  for  SSflOO  information  bits 


STORED  PROGRAM  control  is  a  key 
feature  of  Bell  Lab’s  electronic 
telephone  central-office  system  now 
beinsr  readied  for  production.  The 
equipment  solves  problems  in  han- 
dlinsr  telephone  calls  a  thousand 
times  faster  than  does  older  cen¬ 
tral-office  equipment.  Modifications 
can  easily  be  made  when  needed. 

The  system  was  customer-trial- 
tested  in  Morris,  Illinois  on  Novem¬ 
ber  17.  Residents  tried  out  such 
features  as  time-transfer  of  calls 
(calls  automatically  transferred  to 
another  phone  until  a  specific  time), 
use  of  home  extension  phones  as 
intercoms,  routing  of  incoming  calls 
to  another  phone  automatically 
when  a  line  is  busy  and  immediate 
connection  made  as  soon  as  a  line 
is  no  longer  busy. 

Dialed  code  inputs  to  a  large,  fast 
photographic  memory  called  a  fly¬ 
ing-spot  store,  makes  such  opera¬ 
tions  possible.  Information  for  di¬ 
recting  switching  operations  is 
stored  on  four  photographic  plates. 


In  response  to  the  dialing  pulses,  a 
cathode-ray  tube  reads  information 
stored  on  the  plates — each  position 
of  the  cathode-ray  beam  enables  it 
to  read  67  different  items.  Alto¬ 
gether  2i  million  items  of  informa¬ 
tion  are  stored  and  any  item  can  be 
read  in  a  few  millionths  of  a  second 
with  all  bits  read  in  1/9  second. 

Barrier-grid  tubes  record  dialed 
numbers  before  they  are  trans¬ 
ferred  to  the  flying-spot  store.  As 
soon  as  the  numbers  are  sent  to 
the  memory,  the  barrier-grid  tubes 
are  erased.  The  barrier-grid  tube 
is  somewhat  like  a  tv  picture  tube 
except  that  the  target  is  not  a  phos¬ 
phor  screen  but  a  piece  of  mica.  An 
electron  beam  impinging  on  the 
target  places  a  charge  at  that  point. 
Charge  or  lack  of  charge  represents 
information. 

After  receiving  the  dialed  infor¬ 
mation,  the  flying  spot  store  directs 
logic  circuits  in  the  closing  of  neon 
gas  tube  switches  to  route  calls  to 
their  destinations. 

Present  dial  systems  have  relay 
units  that  temporarily  record  num¬ 
bers  as  they  are  dialed.  Other  re¬ 
lays  perform  the  logic  operations. 

The  electronic  central-office  sys¬ 
tem  is  so  fast  it  can  continually 
check  its  own  circuits.  When  it  dis¬ 
covers  a  fault,  it  locates  and  diag¬ 
nosis  the  trouble,  and  in  some  cases, 
fixes  it.  If  the  fault  can’t  be  cor¬ 
rected  by  the  system,  the  system 
makes  a  teletjT)ewriter  write  out  a 
trouble  description  giving  also  the 
month,  day,  hour  and  minute  of 
malfunction. 

Although  the  present  system  is 
only  an  experimental  version  that 
will  probably  point  to  many  needed 
modifications.  Bell  Lab  engineers 
are  already  at  work  on  a  production 
model  suitable  for  volume  manufac¬ 
ture  by  Western  Electric  Company. 
The  overall  system  philosophy  will 
remain  the  same.  By  mid  1965,  the 
first  production  model  is  expected 
to  be  operational.  From  there  on, 
the  new  systems  will  gradually  re¬ 
place  outmoded  central  offices. 


Vac  u  u  m  s 

approaching  those  of 

Outer  Space 


electronically! 


From  Ultek,  only  manufacturer  devoted 
exclusively  to  the  technology  of  fluidless 
vacuum  pumping,  the  UlteVac  electronic 
vacuum  pump.  UlteVac  pumps  produce 
exceptionally  clean  vacuums,  to  10  *  mm 
Hg  and  below,  with  no  moving  parts,  no 
contaminants,  no  hot  filaments,  no  refrig¬ 
eration;  operate  unattended  for  months. 


ELECTRONIC 

HIGH- 

VACUUM 

PUMPS 


1  to  1000  Litors/Secootl 


UlteVac  pumps  are  rugged,  easy-connect- 
ing,  operable  in  any  position.  Hundreds 
in  use  in  vacuum-tube  processing,  on 
super-power  microwave  tubes,  mass  spec¬ 
trometers,  electron  microscopes,  experi¬ 
mental  applications.  Immediate  ship¬ 
ment  of  all  sizes  from  stock.  Ultek  also 
offers  exclusive  line  of  high  vacuum  ac¬ 
cessories  including; 

•  SORPTION  R0U6NING  PUMPS 

•  METAL  SEAL  FIHINGS 

•  FULL  CONDUCTANCE  VALVES 
•  AMBIENT  FORELINE  TRAPS 

Literature  availablelstate  applicetion)  from 
Ultek  or  its  exclusive  sales  representative, 
Kinney  Mfg.  Div.  of  the  New  York  Air  Brake 
Co.  Sales  Offices  in  major  U.  S.  cities. 


U  L  T  E  K 

~  CO«P. 

920  E  Commercial  St..  Palo  AKo,  Calif..  DA  1-4117 
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MEETINGS  AHEAD 


^TcntHalUtc 
50  ohm 
Coaxial  Line 

LOAD 

RESISTORS 


BIRD  ‘Termaline”  Load  Resistors  are 
designed  to  provide  a  constant  imped* 
ance  of  50  ohm  from  DC  through  the 
useful  coaxial  frequency  range.  Each 
Resistor  is  intended  to  simulate  ao 
infinite  length  of  50-ohm  line,  thus 
providing  an  almost  reflec* 
tionless^ termination.  Low 
VSWR  and  freedom  from 
^  radiation  makes  the  Bird 

f  Loads  extremely  useful  dur* 

ing  adjustment  and  testing. 
Measurements  of  power  are 
also  possible  when  these  Re* 
sistors  are  used  as  termina¬ 
tions  for  the  appropriate  Bird 
"Thruline"  Directional  Watt¬ 
meters.  Accuracy  in  RF  resist¬ 
ance,  rugged  ability  to  absorb 
power  and  absence  of  any 
need  for  adjustments  has 
long  characterized  the  Bird 
"Termaline"  Load  Re- 
sistors.  For  specifications 
on  standard  models  see 
chart  below.  For  other 
requirements  please 
rJw  phone  or  write.  Our  long 

experience  in  this  field 
may  assist  you  in  the  so- 
^  lution  of  your  problem. 


1S00  Want 
Miinwttlant  Duty 
3«*3KW 
Cont»m,»ou»  Duty  wHh 
forced  oif  cooltng 
Input  connections  oro 
ovoiloble  to  tofminoto 
most  coosiol  linos. 


Alodol 


Mox.  ^ewor 


Fro<|.  Rongo 


Inpur  Connocfor 


fomolo 


80-BNCF 


Typo  BNC  fomolo 


Typo  fomoto 


Typo  ''N''  fomolo 


Copianor.  Adoptorto  UG-31B  U 


tuppliod 


Coplonor.  fitting*  ond  coblo 


otsombiios  for  Boxiblo  ond  rigid 


'VSWR  on  all  models  is  1.1  max.  from  DC  to  1000  MC. 
'Water  cooled 


Other  Bird  Instruments 


Cooxiol 
RF  Switches 


''Termoline'' 
RF  Absorption 
Wottmeters 


“Thruline'* 
Directional 
RF  Wottmeters 


CHwrchill  8-1300 

30303  Aurora  Road,  Cleveland  39,  Ohio 

W.tI.rn  R.praf.ntattvt; 

VAN  GROOS  COMPANY,  Woodland  Hills,  Calif. 
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Dec,  1-2:  Vehicular  Communica¬ 
tion,  Annual  Meeting,  DGVC  of 
IRE;  Sheraton  Hotel,  Phila. 

Dec.  5-7 :  Electronic  Equipment 
Maintenance,  EIA;  Hilton  Hotel, 
San  Antonio,  Tex. 

Dec.  5-8:  Electrical  Insulation,  Na¬ 
tional  Conf.,  AIEE,  NEMA; 
Conrad  Hilton  Hotel,  Chicago. 

Dec.  8:  Man’s  Environment  in 
Outer  Space,  Institute  of  En¬ 
vironmental  Sciences;  Henry 
Hudson  Hotel,  New  York  City. 

Dec.  11-15:  American  Nuclear  So¬ 
ciety,  Winter  Meeting,  ANS, 
AIF;  Mark  Hopkins  Hotel,  San 
Francisco. 

Dec.  12-14:  USA  National  Commit¬ 
tee,  URSI,  Fall  Meeting;  Na¬ 
tional  Bureau  of  Standards, 
Boulder,  Colo. 

Dec.  13-15:  Eastern  Joint  Com¬ 
puter  Conf.,  PGEC  of  IRE, 
AIEE.  ACM;  New  Yorker  Hotel, 
New  York  City. 

Dec.  16-17;  Combined  Analog  Digi¬ 
tal  Computer  Systems  Sympo¬ 
sium,  Simulation  Councils,  Inc., 
General  Electric;  Sheraton  Hotel, 
Phila. 

Jan.  8-12:  Thermoelectric  Energy 
Conversion,  Dept,  of  Defense, 
Joint  Technical  Society;  Statler- 
Hilton  Hotel,  Dallas,  Tex. 

Jan.  9-10:  Pla.sma  Dynamics; 
Southern  Methodist  Univ.,  Dept, 
of  Mech.  Engineering,  Dallas, 
Tex. 

Jan.  9-11:  Reliability  &  Quality 
Control,  ASQC,  AIEE,  EIA, 
PGRQC  of  IRE;  Bellevue  Strat¬ 
ford  Hotel.  Phila. 

Jan.  12-13:  Reliability  of  Semicon¬ 
ductor  Devices,  Working  Group 
on  Electron  Tubes;  Western 
Union  Auditorium,  New  York 
City. 

Jan.  17-19:  Instrument  Automation 
Conf.,  &  Exhibit,  ISA ;  Sheraton- 
Jefferson  Hotel,  Kiel  Auditorium, 
St.  Louis,  Mo. 

Feb.  1-3;  Military  Electronics, 
PGMIL  of  IRE ;  Biltmore  Hotel, 
Los  Angeles. 

electronics 


1.  High  Ttagtritwes-up  ti  +  600°F. 

2.  Lnr  TMip«ritirw-down  tt  -  150*F. 

3.  ExctHwrt  Dtetrical  Pnpertiis  at  High  Ttaiparatares. 

4.  Law  CaaHHrtssiaa  Sat  Cbaractaristies. 

9.  Laag  Ufa-anaffaetatf  by  weathtr  and  azane. 

I.  Wida  CNica  af  Calart. 

Many  highly  specialized  procedures  are  essential 
to  produce  the  superior  quality  so  closely  identified  with ' 
Haveg.  Expert  tool  design  Mid  construction,  rigid  process 
control  and  complete  testing  facilities  are  but  a  few 
of  the  vital  operations  in  Havcg’s  quality  assurance  program. 


Akud  witk 

HAVEG. 

€  i«i— ^ 

FIRST  IN  plastics 

TAUNTON  DIVISION 

HAVEQ  INDUSTRIES,  INC. 

336  W«lr  Str««t  •  Taunton,  Maaaachuaatta 


Haveg’s  versatile  Reinforced  Silicone  Rubber  Seals 
are  being  used  with  great  success  in  aircraft,  missile, 
electronic,  appliance  and  other  applications. 

Haveg  formulations  maintain  their  physical  and  chemical 
characteristics  under  the  most  adverse  conditions. 

By  combining  with  use-proven  reinforcing  agents  — 
Dacron*,  Tenon*,  fiber  glass,  Haveg  can  develop  for  the 
user  a  particular  property,  or  a  multiplicity  of  properties, 
such  as  strength,  low  coefficient  of  friction,  maximum 
resistance  to  fuel,  oil,  chemicals  and  heat. 

Havef's  Silken*  lebber  can  be  pmisien  maided 

into  components  of  every  descri^ion . . .  with  close 
tolerances  to  meet  the  most  exacting  specifications. 

Haveg's  SiUcana  Rubber  can  be  extruded.  Tubing, 
strippings,  gasket  material  and  similar  products 
are  manufactured  by  this  method  in  an  almost 
unlimited  variety  of  sizes  and  configurations. 

Strict  adherence  to  the  highest  of  standards  of 
quality  control  permits  Haveg  to  guarantee  the  quality 
of  every  shipment  of  Fabricated  Silicone  Rubber. 

For  further  inforniation,  send  for  your  copy 
of  our  new  brochure  giving  important  data  on  this 
very  versatile  Haveg  product. 

•lUntTtd  trai»-aHiR  of  E.  1.  ditfont  doMowbOMri  4b  Co.,  (libtjr 


Oih9f  Op^rtting  DhfWpnt:  AmoHcon  toROP-TomoorlMPO  Wbrot,  Ific.'-’  Dwriincton.  Vomio««t  •  M 
Howof  Corporotloii  —  WHmiwfton,  Dolowofo  •  MomiopAgro  Rroductt  i 
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mip  HHno  KfiiH  H/rie 


CUSTOM  ENGINEERED 
FABRICATED  SILICONE  RUBBER 

Today  Haveg  and  only  Haveg  provides  the  high  engineering  qualities  necessary  to  mold 
such  difficult  and  complex  parts . . .  parts  offering  these  important  features. 


how  to  reduce  down-time 


on  telegraph  and  data  transmission  circuits 


Radiation’s  new  Telegraph  Distortion  Monitoring  System  (TDMS) 
provides  in  one  compact  assembly  complete  testing,  monitoring  and 
signal  waveform  analyses  of  telegraph  circuits  and  data  transmission 
lines.  This  versatile  unit  makes  possible  on-line  quality  control 
of  communications  links.  It  indicates  malfunctions,  analyzes  their 
causes— without  interrupting  the  flow  of  traffic. 

The  Radiation  TDMS,  with  miniaturized  components  for  space¬ 
saving  compactness,  can  replace  most  test  equipment  now  required 
for  teletype  maintenance  and  monitoring.  Thus,  in  addition  to  re¬ 
ducing  circuit  outage,  the  TDMS  permits  reduction  of  test  equip¬ 
ment  costs  and  increases  maintenance  efficiency.  Portability  is 
achieved  at  the  “push  of  a  button”. 

For  a  detailed  description  of  the  operation  and  capabilities  of  the 
TDMS,  write  for  Brochure  RAD  E-IOOB.  Address  Radiation  In¬ 
corporated,  Dept.  EL-12,  Melbourne.  Fla. 


THE  ELECTRONICS  FIELD  ALSO  RELIES  ON  RADIATION  FOR  . .. 
RADIPLEX— 50— channel  low-level  multiplexer  with  broad 
doto  processing  applications.  Features  rugged  solid- 
state  circuitry,  almost  unlimited  programming  flexibility, 
unique  modular  construction  lor  compactness  and  excep¬ 
tional  ease  of  operation  and  maintenance. 

RADICORDER— Multistylus  recorder  provides  high-speed 
instantaneous  reodout  for  wide  range  of  doto  acquisi¬ 
tion  or  processing  systems.  Eliminates  necessity  of  elec¬ 
tronically  translating  complete  data,  thereby  reduces 
computer  work  loads. 

TELEMETRY  TRANSMITTER-Model  3115  is  o  rugged- 
ized  215-260  MC  unit  with  extremely  linear  FM  output 
under  the  most  severe  environmental  conditions.  With 
its  record  of  outstanding  performance  in  many  missile 
programs.  Model  3115  is  specified  by  leading  missile 
manufacturers. 


r^ADiATION 

INCOFiPOFtATED 
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t. 


2N327A 1 2N328A 1 2N329A 
Silicon  PNP  fused  alloy  transistors 


Desigrned  for  switching  and  amplifying  applications  at  low 
and  medium  current  levels,  these  Hughes  transistors 
offer  you  a  number  of  advantages. 

These  devices,  now  available  in  production  quantities, 
are  housed  in  TO-5  packages.  Engrineered  for  reliability, 
they  meet  MIlrS-19500B  specification.s. 


CoN«ciOf  lo  Mm 


EmfftM  Ift  ilM  Volto9« 


CoMctor  to  Emtaor 


DC  CufT^  Goin  ■  C  t 

If  •  .1  0mA.  Vcjr« -1  9VOc 

Tronofor  R«t*o  $  1 

^  V(.f>»V0c.ir--3mA.f-1kc  I  I 

Powor  Ot«»tp«t*on.  .JMmW  tforato  3mW  C  «bo««  25  C) 
Oporating  and  Storaga  Tamparatura  ftanga-  il  C  to  4  155  C 


For  further  information,  call  the  Hughes  Semiconductor  sales  engineer  or  authorized  distributor  in  your  area. 

Or  write  Hughes  Semiconductor  Division,  Marketing  Department,  600  Superior  Avenue,  Newport  Beach,  California. 


CItaE  49  ON  READER  SERVKE  CARD 


CIRCU  so  ON  READER  SERVKE  CARD 


AN  ACHIEVehfENr  IN  DEFENSE  ELECTRONICS 


} 


412L  Strengthens  Air  Defense  By 
Integrating  Airspace  Management 


Rapid  coordination  of  all  phases  of  military 
airspace  management  is  a  major  problem  of  air 
defense.  This  simulated  operations  room  depicts 
the  heart  of  the  Air  Force’s  412L  Air  Weapons 
Control  System — a  single,  semi-automatic  elec¬ 
tronic  complex  which  coordinates  radar  stations, 
data  processing  and  display  centers  and  weapons 
bases  into  a  unified  network. 

Within  seconds,  412L  will  provide  the  vital 
detection  and  tracking  data  to  human  decision 
makers.  Precious  time  will  be  gained  since  compu- 


HEAVY  MILITARY  ELECTRONICS  DEPARTMENT 
DEFENSE  ELECTRONICS  DIVISION  •  SYRACUSE,  NEW  YORK 


tations  leading  up  to  the  final  decisions  will  be 
done  automatically.  In  addition,  412L  is  a  highly 
flexible  system  designed  for  use  throughout  the 
Free  World.  It  will  operate  in  mobile  as  well  as 
fixed  environments. 

Currently  going  into  prototype  production, 
412L  has  already  anticipated  technological  ad¬ 
vances.  And,  importantly,  new  ^uipment  can  be 
integrated  into  this  versatile  Air  Weapons  Con¬ 
trol  System  in  the  future,  assuring  a  complex 
which  will  remain  combat-ready  for  many  years. 

176^ 

Tigress  k  OvrMosi-  ImpoHitnt  V^odiKf 

/  GENERAL^ELECTRIC 


! 


i 


P  Over  1000  ■ 

firms  throughout 
the  world  in  just  a 
few  yeurs  prove 
itnprecedented 


500-1000 

V/MIL 


Stocked  Jor  Immediate  Delivery 

HE\N  ALPHLEX  TEFLON^  TUBING 

Only  Alpha  gives  you  this  delivery  service  because  Alpha  maintains  a  complete 
stock  inventory  of  Teflon  Tubing  at  all  times...  And  Alphlex  means  quality:  With 
wall  thicknesses  as  thin  as  .009”,  this  tubing  retains  all  its  properties  in  temper¬ 
atures  up  to  250°C,  and  as  low  as  — 90°C.  Thin  wall  —  small  size  —  unsurpassed 
flexibility  —  permit  miniaturization  and  compactness  of  design  not  possible  with 
conventional  thermoplastic  tubing. 

Alphlex  Tubing  is  available  for  immediate  delivery  through  your  local  Alpha  Wire 
Electronic  Parts  Distibutors.  Write  for  your  free  Catalog  TS-2. 


mm 

Tantlla 

Ultimata 

Fsnii & 

mi 

Corrasion  & 
Abrasion 

IUtlng_ 

250»C 

ruxibiiitir 

— 90«C 

FUimrubiJItj 

Non- 

Flammable 

Strenttli 

1500-3000 

PSI 

Eloniatien 

100-200% 

Raiistanea 

£xcallent 

Rasistanca 

Excellent 

specmcJtlons 
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TABLE  OF  WALL  THICKNESSES 
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' T.M.  DuPont 


DELTASWITCH 


A  HIGH  SPEED  MERCURY 
COMMUTATING  SWITCH 


ALL  DIGITS 
CAN  BE 
READ  FROM 
/VNY  ANGL^J 
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DIGITAL 

readout 


Centrifugal 

Pump 


Mercury  ■ 
Sump 


NO  "CONTACT  BOUNCE" 

LOW  NOISE  LEVEL 

HIBH  SAMPLING  RATE 

ONLY  MAINTENANCE-CLEANING 

Nozzle 

W^Contacts 
The  DELTASWITCH  is 

a  nique  commutating 
in  which  a  jet  of 
'WBKury  replaces  the  con¬ 
ventional  wiper  arm.  Send 
for  more  details.  Ask  for 
Catalog  ATL-19. 
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The  lEE  digital  readout  outs  the 
digit  right  up  front,  visible  from  any 
angle.  Vision  is  unimpaired  by 
stacked  characters  and  sharp,  clear- 
white  digits  provide  high-contrast, 
error-proof  reading.  Use  of  words, 
color,  and  multiple  projections  offer 
utmost  versatility. 

Binary-To-Deciml  Decidtrs  Available. 

aepresentatives  in  Principal  Cities 


/  acceptance  of  ^ 
C-  lEE  digital  ^ 
^  readouts,  pi 

PRICE  s  %  OOO 
COMPLETE  X  O 

QUANTITY  PRICES  ON  REQUEST 

WRin  TODAY  FOR 
COMPUTE  SPEanCATIONS. 
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NOW  ultra-accuracy  possible  in  2-speed  servo 
systems  with  use  of  Ketay  Vernier  Resolvers 


Ketay  has  developed  a  Vernier  Resolver 
which  permits  the  Systems  Engineer  to 
achieve  utmost  accuracy  in  his  two-speed 
system.  Replacing  the  fine  speed  transmitter 
and  associated  gearing  on  one  end,  and  the 
fine  speed  receiver  with  coarse-to-fine  gearing 
oh  the  other  end,  it  provides  a  basic  system 
accuracy  from  input  to  output  shaft  of  the 
order  of  20  seconds  of  arc,  maximum. 

Operating  on  a  variable  reluctance  prin¬ 
ciple,  this  resolver  accomplishes  its  gear-up 
electrically  .  .  .  permitting  coarse  and  fine 
speed  units  to  be  coupled  directly.  Thus, 
costly  gearing  with  its  contributing  errors 
is  eliminated.  Also,  as  a  variable  reluctance 
device,  it  requires  no  windings  on  the  rotor 
and  therefore  no  sliprings  or  brushes.  Errors 
due  to  brush  contact  resistance  are  elim¬ 
inated,  while  greater  reliability,  extremely 
low  breakaway  torque  and  longer  life  are 
achieved. 

The  Vernier  Resolver,  in  conjunction  with 
a  standard  resolver,  may  also  be  used  as  a 
highly  precise  shaft  angle  encoder. 


■ 

TYPICAL  SPECIFICATIONS 

These  typical  specifications  are  for  a  particular  vernier  resolver  designed 
for  a  specific  application  and  are  included  here  to  give  a  general  idea  of 
what  parameters  are  available.  Vernier  resolvers  can  be  supplied  for  a 
wide  range  of  voltages,  currents  and  frequencies.  Electrical  to  mechanical 

ratios  can  be  changed  to  suit  specific  needs. 

Type  ^ 

SP164 

Electrical  to  Mechanical  Ratio  (Gear  up) 

64  :  1 

Excitation 

10  volts.  2.441  K.C. 

Error  Spread  of  Null  Crossover  points  (Max.) 

12  (seconds) 

(3),  (2)  Error  Spread  over  a  Vernier  interval  (Max.) 

4.5  (minutes) 

Maximum  over  lapping  error  between 

intervals — approx.: 

21  (seconds) 

Peak  Output  Voltage:  (volts) 

Peak  Output  Voltage  on  reference  winding; 

2.3  ±  10% 

(volts) 

2.5  ±  4% 

Open  Circuit  excitation  current  (untuned)  (amps) 

0.64  ±  4% 

Open  Circuit  excitation  current  (tuned)  (amps) 

0  065  ±  10% 

Open  Circuit  power  (watts) 

0.65  ±  10% 

Max.  Starting  Torque  (in  oz.) 

0.1 

Input  impedance  (ohms) 

15.6  ±  4%  /84“ 

Null  Voltage  at  Zero  Points:  (total  rms) 

7.5  mv. 

Peak  Third  (3)  harmonic  voltage  (mv.) 

85 

Phase  Shift  of  output  to  input,  approx. 

3' 

Ambient  temperature  (C) 

-20  to  -f  70“ 

Weight — approximately 

8  lbs.  13  oz. 

NOTES:  1 .  Configurations,  size,  weight,  etc. 

can  be  modified  to 

suit  specific  applications. 

2.  Error  spread  can  be  trimmed  down  to  value  of  over- 

lapping  error  or  less. 

3.  Error  is  for  unit  being  used  as  2  Phase  Transducer. 

Submit  your  problems  to  us  and  a  qualified  Ketay  engineer  will 
show  you  how  a  vernier  resolver  may  solve  them. 

USE  OF  VERNIER  RESOLVER  IN  TWO  SPEED  SYSTEM 
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NEW  HIGH-SPEED 
SWITCHING  TRANSISTOR 
IN  TO-18  CASE... 

MASS  PRODUCED  with 
ABSOLUTE  UNIFORMITY 
to  the  TIGHTEST  SPECS 
IN  THE  INDUSTRY 


r 


This  new  Philco  Germanium 
MADT  is  specifically  designed 
for  high-speed  switching  appli¬ 
cations  and  is  the  ideal  NOR 
logic  transistor.  The  MADT 
Precision-Etch*  process  makes  it 
possible  to  manufacture  the 
2N779  with  the  tightest  control 
of  parameters  of  any  transistor 
in  the  entire  industry.  This  ex¬ 
treme  uniformity  greatly  simpli¬ 
fies  the  design  of  high  perform¬ 
ance,  low  cost  switching  circuits. 
For  complete  data  and  infor-- 
mation,  write  Dept.  E 12260. 

*Tre4Mtark  fhOce  Cerp. 


MADT*  2N7 

ABSOLUTE  MAXIMUM  RA1 

Staraii  Tisparatiri . 

Callietir  Viltaga.  Vcei . 

Tital  Diviu  lisaipatiH  at  2S°C . 

79 

INGS 

. -S*C  ta  +1irc 

. -18  aalta 

. M  as 

ELECTRICAL  CtlARACTERISTICS 

(T=25'’C) 

Static  Characteristics 

C«lltctw  Citoff  CvrrNt,  leie  (Yu  =  -&') 

BC  Cirrut  Bspllficatiti  Fictir,  Iife  (Vec  =  -l-SVi  k  =  -II  <u) 
Bau  Viltaie,  Vie  (le=  -10  sa,  !■=  -IB  sa) 

Cillactar  Sataratioi  Valtafa,  Vce  (SIT)  (le=  -II  aa,  !•=  -1.6  sa) 
High  Frequency  Characteristics 
Oatpat  CapKitaau,  C«k  (Yu  =  — !*•  It = I.  f  =  4  sc) 
lapal  Capacitaica,  Ce  (Yu  =  — hi  It = I.  T = 4  sc) 

Saia  Iaa4wi4tli  Pradact,  fr  (lu=  -H,  Ie  =7  sa) 

Switching  Characteristics 
llMTIaN,t,(|3e=1l) 

Rala  ttaiaia  Factar,  !'• 

Fall  Tlsf,  tf  03u=1B) 


ImmedialeJy  available 
from  your  Philco 
Industrial  Semiconductor 
Distributor. 
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Silicon  semiconductor  devices 
can  be  formed  by  vapor 
deposition  of  single-crystal 
silicon  layers  on 
single-crystal  silicon  substrate. 
Technique  is  applicable  to 
formation  of  complete  circuits 


Typical  single  crystals  formed  by  vapor  phase  deposition  method 


LAMINAR  JUNCTION  LAYERS— 

New  Concept  in  Microcircuits 


By  J.  E.  ALLEGRETTI,  D.  J.  SHOMBERT, 

Merck  Sharp  t  Dohme  Reaearch  Laboratories,  Rahway,  M.  J. 


CONTIGUOUS  DEPOSITION  of  single- 
crystal  silicon  layers  on  a  single¬ 
crystal  silicon  substrate  by  vapor- 
phase  reduction  of  a  volatile  silicon 
derivative  with  hydrogen  provides 
a  new  technology  for  forming  com¬ 
plex  solid-state  configurations. 

Th» laminar  layers  formed  can  be 
controlled  in  conductivity  type,  re¬ 
sistivity  and  thickness,  to  form  a 
number  of  semiconductor  device 
configurations  during  growth  of  the 
single  crystal.  These  configurations 
can  be  deposited  by  a  continuous 
growth  process  by  changing  the  re¬ 
actant  gas  composition  to  form  lay¬ 


ers  in  combinations;  see  Fig.  1. 

Crystals  formed  by  vapor  deposi¬ 
tion  have  been  grown  on  cylindrical 
<11 1>  oriented  substrates.  The 
growth  direction  is  perpendicular 
to  the  axis  of  the  substrate  and  pro¬ 
ceeds  outward  from  the  substrate 
<21 1>  planes  to  form  a  crystal  rod 
witK  a  hexagonal  cross  section. 

Typical  vapor-deposited  single 
crystals  are  shown  in  the  photo¬ 
graph.  The  axis  of  the  crystal  is 
<11 1>  oriented  and  the  crystal 
faces  on  which  deposition  occurs 
are  <211>  directed. 

The  crystal  shown  on  the  front 


FIG.  1 — Typical  layered  structure 


cover  was  cut  perpendicular  to  the 
<111>  axis.  It  was  grown  by  al¬ 
ternating  p  and  n-type  carriers  dur¬ 
ing  growth  to  form  12  deposited 
layers.  This  laminar  layer  struc¬ 
ture  was  not  intended  to  perform 
any  electrical  function,  but  was 
used  to  measure  the  rate  of  silicon 


-<-CIRCLE  54  ON  READER  SERVICE  CARD 


55 


deposition  as  a  function  of  surface 
area.  The  number  of  layers  formed 
in  this  crystal  shows  that  complex 
layered  structures  may  be  formed 
that  could  contain  a  number  of  elec¬ 
trically  active  elements  at  predeter¬ 
mined  locations  in  the  crystal.  The 
number  of  layers  formed  in  this 
crystal  exceeds  the  number  of  layers 
that  can  be  produced  by  more  con¬ 
ventional  junction-forming  tech¬ 
nologies. 

The  vapor  deposition  process  has 
successfully  produced  many  of  the 
conventional  device  configurations, 
such  as  high-voltage  pin  rectifiers 
with  peak-inverse  voltages  exceed¬ 
ing  2,000  volts,  Zener  diodes,  pnpn 
switches,  transistors  and  solar  cells. 

Relatively  large  areas  can  be 
formed  by  the  deposition  method. 
It  is  possible  to  think  of  areas  of 
several  square  inches,  since  areas 
approaching  these  dimensions  have 
been  reproducibly  prepared  and 
measured. 

A  feature  of  forming  layers  by 
vapor-phase  deposition  is  that  con¬ 
trol  of  doping  agents  during  the 
growth  process  permits  depositing 
layers  with  controlled  resistivity 
gradients.  As  examples,  step-type 
junctions  similar  to  those  obtained 
by  alloying  can  be  formed.  Layers 
can  be  deposited  with  graded  re¬ 


sistivity  profiles,  as  formed  by  solid- 
state  diffusion,  or  with  an  inverse 
diffusion  gradient. 

Ability  to  control  the  resistivity 
gradient  in  each  layer  opens  new 
approaches  to  the  formation  of  de¬ 
vices.  The  nipn  transistor  recently 
announced  by  Bell  Telephone  Lab¬ 
oratories  is  an  example  of  a  struc¬ 
ture  made  possible  by  vapor-phase 
deposition. 

A  number  of  advantages  are  in¬ 
dicated  from  the  formation  of 
junction  layers  by  vapor-phase 
deposition.  Relatively  thick  layers 
of  silicon  can  be  deposited,  per¬ 
mitting  electrical  isolation  between 
adjacent  layers.  As  an  example,  a 
pnp  configuration  need  not  act  as  a 
transistor.  If  the  n  layer  is  heavily 
doped  and  relatively  thick,  there 
will  be  no  electrical  interaction  be¬ 
tween  the  three  layers,  and  the  pnp 
configuration  will  act  as  two  back- 
to-back  diodes.  This,  therefore,  per¬ 
mits  building  a  number  of  layers 
and  retaining  individuality  of  the 
devices  within  the  structure. 

Another  property  of  the  deposi¬ 
tion  method  is  that  it  is  possible  to 
put  highly  doped  layers  in  the  in¬ 
terior  of  a  structure  during  the 
growth  process.  Thus  a  p*  or 
layer  could  be  buried  five  or  six 
layers  beneath  the  surface.  This 


would  make  possible  a  highly-con- 
ductive  path  or  an  isolation  layer 
deep  within  the  device.  Positioning 
these  heavily  doped  regions  within 
a  structure  is  now  not  possible  by 
diffusion  or  alloying. 

Deposition  of  lightly-doped  re¬ 
gions  of  silicon  on  the  surface  or 
within  the  structure  can  be  of  ad¬ 
vantage  in  many  device  designs.  A 
number  of  alternating  high-resis¬ 
tivity  n  and  p  layers,  each  relatively 
thin,  may  be  deposited  at  the  bot¬ 
tom  of  a  device  to  provide  an  isola¬ 
tion  region  between  deposited  lay¬ 
ers.  This  would  reduce  capacitive 
coupling  between  separate  portions 
of  the  structure  and  also  provide  a 
high-resistivity  path,  since  many 
back-biased  diodes  must  be  trav¬ 
ersed  to  go  from  one  region  to  an¬ 
other  within  a  structure. 

To  form  mesas  on  a  finished 
structure  for  isolating  certain  de¬ 
vice  areas  requires  either  etching 
or  cutting  down  to  a  desired  posi¬ 
tion  in  a  structure  to  expose  the 
proper  layer.  During  deposition, 
certain  layers  could  be  made  rela¬ 
tively  thick  solely  to  make  the  re¬ 
gion  easy  to  locate. 

Another  property  of  the  deposi¬ 
tion  method  is  that  each  device 
structure  within  a  crystal  can  be 
preceded  and  followed  by  a  heavily 


FIG.  2 — Proposed  relaxation  oscillator  circuit  (A)  is  formed  as  shown  in  (B),  resulting  in  structure  (C);  perspective 
view  of  completed  structure  is  indicated  in  (D)  and  actual  specimen  is  shown  in  (E) 
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FIG.  S — PNPN-avoitch  characteristic  with  500  natem  vertical  scale  and  20  v/em  horizontal  scale  (A);  capacitor-diode 
layer  characteristic  with  5  ma/cm  vertical  scale  and  10  v/cm  horizontal  scale  (B);  and  outer  p-n  junction  character¬ 
istic  with  1  ma/cm  vertical  scale  and  20  v/em  horizontal  scale  (C) 


doped  layer.  Thus  if  a  jm  junction 
is  to  be  formed,  an  n*  could  precede 
the  n  layer  and  a  p*  layer  could  be 
deposited  followingr  the  p  deposition 
to  form  an  n^npp*  configuration. 
These  heavily  doped  regions  would 
facilitate  contacting.  Contacts  could 
be  made  to  the  n*  and  p*  areas  by 
etching  down  into  the  degenerate 
regions  and  then  making  contact 
using  thermo-compression  bonding. 
Having  these  degenerate  layers  in 
the  structure  makes  it  unnecessary 
to  evaporate  and  alloy  metal  con¬ 
tacts  onto  the  n  and  p  regions. 
Without  the  degenerate  regions, 
some  kind  of  metallic  contact  is  es¬ 
sential.  Presence  of  these  degen¬ 
erate  regions  at  locations  within 
the  structure  might  enable  many 
steps  to  be  saved  in  constructing 
devices. 

Present  limitations  of  the  deposi¬ 
tion  process  are  as  follows.  Ultra- 
thin  layers  of  either  type  semicon¬ 
ductor  cannot  be  buried  deep  within 
the  structure  because  diffusion  can 
destroy  the  individuality  of  these 
layers  while  the  rest  of  the  struc¬ 
ture  is  being  deposited.  The  fact 
that  all  layers  are  axially  grown  is 
a  disadvantage.  As  may  be  seen 
from  the  front  cover,  locating  and 
contacting  a  thin  intermediate  layer 
can  be  difficult.  With  masking  dur¬ 
ing  deposition  to  obtain  partially 
grown  layers,  it  should  be  possible 
to  make  contact  with  the  isolated 
areas  without  subsequent  etching 
and  cutting.  To  demonstrate  the 
usefulness  of  laminar  junction  lay¬ 
ers  in  microcircuits,  a  relaxation 
oscillator  was  designed  that  would 
take  a  d-c  signal  and  convert  it  to 


a  sawtooth  wave  at  the  output. 
The  circuit  is  shown  in  Fig.  2A, 
The  elements  are  a  pnpn  switch,  a 
back-biased  diode  to  provide  capaci¬ 
tance  and  a  photodiode  as  a 
resistor. 

Many  structures  can  be  visualized 
and  designed  to  take  advantage  of 
the  vapor-phase  layer-deposition 
process.  The  design  presented  here 
is  probably  trivial  to  the  microcir¬ 
cuit  designer;  the  purpose  is  to 
demonstrate  that  a  number  of  lay¬ 
ers  can  be  consecutively  deposited 
to  produce  individual  devices  at 
predetermined  locations  within  the 
crystal. 

The  laminar  structure  that  was 
to  be  formed  is  shown  in  Fig.  2B. 
In  this  structure,  layer  1  could 
serve  as  the  device  support  and  as 
an  isolation  layer.  Layers  2,  3,  4, 
5  and  6  could  be  deposited  to  form 
the  pnpn  switch,  and  layers  7  and  8, 
and  8  and  9  as  the  capacitive  and 
resistive  diodes. 

The  layers  of  the  structure  were 
deposited  on  a  substrate  to  form  a 
crystal  similar  to  that  shown  in  the 
photograph.  An  initial  n-type  depo¬ 
sition  was  made  to  form  a  planar 
surface  layer  12  mils  thick  on  the 
substrate.  Acceptor  atoms  were 
then  introduced  to  produce  a  p* 
layer  having  a  resistivity  of  0.01 
ohm-cm  until  60  mils  on  each  crys¬ 
tal  face  had  been  deposited.  A  p 
region  was  then  deposited  for  1  mil 
followed  by  2  mils  of  n  and  2  mils 
of  p-type  silicon.  Twelve  mils  of  an 
n*  region  was  formed  to  facilitate 
locating  the  region  for  isolation  of 
the  pnpn  switch.  A  p*  layer  was 
then  deposited  for  5  mils  followed 


by  an  n  region  for  2  mils  and,  fi¬ 
nally,  by  1  mil  of  p-type  silicon. 

The  structure  is  shown  in  Fig. 
2C  where  eight  regions  are  shown 
by  an  HF-HNO,  etch.  Magnifica¬ 
tion  factor  is  100.  The  layer  thick¬ 
nesses  deposited  were  within  ex¬ 
perimental  accuracy  of  the  desired 
values.  The  entire  p*  and  n  regions 
below  the  p*  layer  are  not  shown  in 
this  specimen.  The  next  object  was 
then  to  isolate  the  components  to 
ascertain  their  electrical  properties. 
By  masking,  etching  and  cutting 
the  devices  were  isolated  and  meas¬ 
ured. 

Figure  2D  shows  schematically 
the  method  for  isolating  the  junc¬ 
tions,  and  Fig.  2E  shows  a  specimen 
that  was  used  to  measure  device 
properties.  The  pnpn  characteris¬ 
tics  are  shown  in  Fig.  3A  and  the 
p-n  diodes  of  layers  7  and  8,  and 
8  and  9  are  shown  in  Fig.  3B  and 
3C. 

It  is  not  intended  here  to  present 
involved  microcircuits.  The  circuit 
shown  is  simple  in  design  and  does 
not  represent  the  complexity  of 
structures  possible  by  applying  the 
vapor-deposition  method.  The  in¬ 
tent  is  to  demonstrate  the  fabrica¬ 
tion  of  devices  within  a  complex 
layered  monocrystalline  structure 
formed  by  vapor-phase  deposition. 

It  is  possible  to  combine  this 
deposition  technique  with  oxide 
masking,  diffusion  and  alloying 
techniques,  and  to  use  these  de¬ 
posited  configurations  as  building 
blocks  for  making  microcircuit  ele¬ 
ments.  This  further  increases  the 
degrees  of  freedom  for  producing 
such  elements. 
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RADAR-RETURN  SIMULATOR  TESTS 

Moving-Target  Indicators 


Checking  operation  of  an  airborne  moving-target  indicator  on  the  ground 
requires  simulation  of  signals  received  in  flight. 

Among  the  conditions  produced  is  clutter  received  by  a  rotating  antenna 
on  an  aircraft  hurtling  along  at  550  mph 


By  HELMUT  LOBENSTEIN  &  ALFRED  R.  DIAL 

Liicht  Military  Electronics  Dept.,  General  Electric  Co.,  Utica,  N.  Y, 


comparator  of  this  type  without 
actually  moving  the  unit  and  trans¬ 
mitting  is  by  providing  signal  in¬ 
puts  such  as  are  listed  below.  Avail¬ 
able  signal  ranges  encompass  most 
existing  radar  systems.  The  follow¬ 
ing  signals  may  be  switch  selected: 

(1)  Moving  or  stationary  target 
pulse  with  range  variable  from  7 
to  200  nautical  miles,  pulse  width 
variable  from  0.2  to  10  /isec,  and 
amplitude  variable  from  0  to  3.5 
volts  (peak)  ; 

(2)  Johnson  noise  (0.3  to  3  volts, 
peak  to  peak) ; 

(3)  Frozen  sea  clutter/doppler- 
shifted  or  fixed  with  range/out  to 
70  nautical  miles  and  amplitude 
variable  from  0  to  6  volts,  peak  to 
peak. 

The  blocking  oscillator  shown  in 
Fig.  1  is  a  trigger  repeater  that 
prevents  loading  the  trigger  source. 
The  blocking  oscillator  can  be 
switched  so  that  its  grid  is  returned 
to  a  positive  source  to  provide  an 
internal  test  trigger  instead  of  the 
external  trigger. 

Moving-target  simulation  is  ac¬ 
complished  by  presenting  a  target 
on  alternate  sweeps.  This  is  done 
by  throwing  switch  S,  to  the  2-to- 
1  count-down  mode.  The  input 
trigger  now  goes  to  a  phantastron 
whose  ON  time  is  greater  than  the 
repetition-rate  time,  thereby  mak¬ 
ing  the  trigger  effective  on  alter¬ 
nate  sweeps  only.  Since  an  mti  is 
essentially  a  memory  and  compari¬ 
son  device,  removing  the  target 


Typical  setup  for  testing  an  Amti  with  the  radar  return  simulator  (black 
cabinet  at  right)  and  an  oscilloscope 


TESTING  an  airborne  moving  target 
indicator  (amti)  requires  a  signal 
input  that  is  in  all  essentials  simi¬ 
lar  to  a  normal  radar  signal  return. 
A  test  set  intended  for  this  pur¬ 
pose  must  therefore  generate  tar¬ 
gets,  noise  and  clutter.  To  simulate 
platform  motion  the  clutter  must 
contain  a  doppler  component  that 
varies  at  the  antenna  scan  rate, 
and  to  be  useful  in  measuring  mti 
performance  both  a  fixed  and  mov¬ 
ing  target  must  be  generated. 

The  radar  return  simulator  has 
been  used  to  check  the  cancellation 
ratio  and  own-ships-speed  correct¬ 
ing  network  of  a  time-averaged- 
clutter  -  coherent  -  airborne  -  radar 


(Taccar).  This  type  of  radar  sam¬ 
ples  the  clutter  return,  extracts 
from  it  the  doppler  shift  due  to 
platform  movement,  and  after  in¬ 
tegration  applies  the  resultant 
varying  d-c  level  to  a  voltage- 
deviable  oscillator.  Oscillator  fre¬ 
quency  changes  in  a  manner  com¬ 
mensurate  with  the  applied  signal 
so  as  to  make  it  appear  that  the 
radar  is  stationary.  Therefore, 
fixed  targets  cancel  after  being 
processed  by  the  mti  circuitry. 
Moving  targets  have  a  phase  com¬ 
ponent  that  is  different  from  the 
clutter,  or  fixed  targets,  and  are 
visible  at  the  mti  output. 

The  only  means  of  checking  a 
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FIG.  1 — Diagram  of  radar-return  simulator  shows  an  airborne  moving-target  indicator  under  test 


every  other  sweep  tells  the  com¬ 
parator  that  a  moving  target  is 
present. 

A  single  phantastron  with  two 
overlapping  switch-selected  range- 
steps  of  80  to  500  ftsec,  or  440  to 
2,680  fisec  produces  wide  target- 
delay  ranges.  The  delay  gate  is  dif¬ 
ferentiated,  its  leading-edge  spike 
is  clipped,  and  the  pulse  is  ampli¬ 
fied  so  that  it  can  trigger  the  0.2- 
fisec  blocking  o.scillator.  Pulse 
width  must  be  small  to  allow  the 
target-width  multivibrator  to  work 
between  0.2  and  10  /xsec.  The  target- 
width  multivibrator  output  gates 
the  30-Mc  output  of  the  motor- 
tuned  oscillator  (mto)  into  the 
3-stage  i-f  strip,  thus  producing  a 
30-Mc  target  pulse.  In  gating, 
switching  transients  are  minimized, 
since  they  will  be  noncoherent  and 
will  appear  as  moving  targets  at  the 
Amti  output.  Effort  was  made  to 
obtain  short  rise  times  to  achieve 
minimum  pulse  width.  A  gating 
waveform  with  0.2-fisec  ri.setime 
throughout  its  width  should  be  ac¬ 
ceptable  in  testing  most  Amti’s. 

The  multivibrator  is  cathode 
coupled  to  get  linear  width  control 
and  indifference  to  output  loading. 
A  pair  of  high-transconductance, 
narrow  grid  base,  6688  tubes  are 
used  to  obtain  switching  at  narrow 
pulse  widths. 

Several  precautions  were  taken  to 
reduce  transients;  these  include 
clamping  the  amplifier  suppressors 
to  prevent  their  going  positive, 


biasing  control  grids  at  d-c  ground 
and  simultaneously  gating  the  first- 
stage  plate  and  suppressor  grid. 
Thus  switching  transients  were  25- 
db  below  output  signal  level. 

In  systems  using  own-speed  cor- 
reactive  loops,  r-f  leakage  during 
the  target  pulses  is  critical  because 
the  loop  may  lock  to  a  c-w  signal 
near  its  center  frequency.  To  pre¬ 
vent  this,  the  gated  amplifiers  are 
shielded  to  provide  70-db  isolation. 

The  target  should  be  available 
throughout  the  clutter  region.  Since 
the  target  range  phantastron  has  a 
finite  delay  the  clutter  must  be  de¬ 
layed  by  an  identical  amount  if 
the  target  is  to  appear  at  the  begin¬ 
ning  of  the  clutter  return.  This 
can  be  done  by  choosing  a  mini¬ 
mum-target  phantastron  range,  and 
delaying  the  clutter  start  accord¬ 
ingly,  Therefore,  minimum  delay 
was  established  at  80  ^ec,  the  clut¬ 
ter  delay  phantastron  being  used  to 
delay  clutter  to  coincide  with  mini¬ 
mum  target  position.  The  clutter 
delay  phantastron  delay-time  is  ad¬ 
justable  from  86  to  115  /tsec  to 
compensate  for  component  varia¬ 
tions. 

The  .lohnson-noise  source  makes 
the  radar  return  realistic.  Noise  is 
obtained  by  using  a  back-biased 
1N23B  silicon  diode  in  the  noise 
generator.  The  1N23B  has  a  maxi¬ 
mum  noise  ratio  of  2.7.  Since  im¬ 
pedance  level  of  these  diodes  varies, 
a  series  potentiometer  was  used  to 
set  current  level.  Noise  bandwidth 


and  amplitude  are  determined  by 
the  noise  amplifiers.  Three  6688A 
tubes,  with  a  gain-bandwidth  prod¬ 
uct  of  130,  deliver  noise,  amplified 
60  db,  into  a  90-ohm  resistive  load. 

Interstage  coupling  of  the  am¬ 
plifiers  is  provided  by  double- 
tuned  transformers.  Output  band¬ 
width  of  the  noise  generator  is  13 
Me;  bandwidth  output  of  the  adder 
circuit  is  5  Me.  These  parameters 
provide  a  wideband  and  narrow- 
band  noise  source. 

Antenna  rotation,  and  the  dop- 
pler  shift  to  be  expected  at  maxi¬ 
mum  platform  speed,  are  simulated 
by  pulling  the  frequency  of  a 
crystal  oscillator  in  the  mto  at  the 
antenna  scan-rate.  For  this  test 
set  antenna  rotation  si}eed  was 
established  at  6  rpm;  any  other 
speed  could  have  been  chosen. 

Determination  of  doppler  shift, 
/*,  now  follows: 

f4~  KV,  where  K  -  if/e 


2  (42,5)  X  10* 
582  X  10* 


1.46  eps/knot 


fi  -  1.46  (480)  «  700  epe 

Here  is  the  oscillator  doppler 
shift,  V  is  the  assumed  platform 
velocity  of  480  knots,  e  is  the  veloc¬ 
ity  of  light  and  /  is  the  transmitted 
radar  frequency. 

Therefore,  the  oscillator  should 
be  pulled  1.4  Kc  at  an  antenna  rota¬ 
tion  speed  of  6  rpm.  A  cardioid- 
shaped  capacitor  across  a  feedback 
transformer  in  a  grounded-grid 
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FIG.  2 — The  input  from  cathode  follower  and  differentiator  in  the  target  generator  gates  the  motor-tuned  oscillator 
input  into  clutter  generator 


duces  the  otherwise  substantial 
ringing  period,  the  crystal  bank  is 
not  loaded.  The  squegging-oscil- 
lator  signal  burst  shapes  the  clutter 
rise  by  initially  blocking  the  crys¬ 
tal-bank  output  amplifier. 

The  maximum  pulling  range  of 
crystals  is  limited  to  approximately 
0.3  percent  of  center  frequency,  and 
clutter  bandwidth  is  determined  by 
the  crystal  spread.  A  clutter  BW  of 
1  Me  was  used  to  limit  the  number 
of  crystals.  This  is  obtained  by  13 
crystals  spaced  30-Kc  apart  in  the 
10-Mc  region.  The  30-Mc  clutter  is 
obtained  by  selecting  the  third  har¬ 
monic  of  the  crystal-bank  output. 

Output  signals  are  combined  in  a 
feedback  adder  (Fig.  1)  and  signal 
levels  are  established  for  linear  op¬ 
eration.  This  and  an  attenuator 
pad  allow  cancellation-ratio  meas¬ 
urements  to  be  easily  made.  Output 
signals  can  be  selected  by  applying 
B-l-  to  circuits  with  a  panel- 
mounted  switch. 

Figure  3  shows  cro  patterns  ob¬ 
tained  while  testing  an  Amti.  The 
upper  pattern  of  each  of  the  three 
pairs  of  traces  is  the  output  of  the 
simulator  and  the  lower  pattern  is 
the  output  of  the  Amti.  The  clut¬ 
ter  cancellation  ratio  is  44  db. 

Figure  4  shows  typical  clutter 
output  of  the  radar  return  simu¬ 
lator. 

The  authors  thank  W.  E.  Smith 
for  his  contributions  to  this  article. 


be  in  phase  for  Amti,  the  mto  out¬ 
put  goes  through  two  amplifiers 
that  are  gated  by  the  clutter-delay- 
phantastron  output.  The  mto  out¬ 
put  then  triggers  a  squegging  oscil¬ 
lator  (Fig.  1  and  2).  The  output  of 
the  squegging  oscillator  is  amplified 
and  drives  the  crystal  bank.  Funda¬ 
mental-mode  CR19U  and  third- 
overtone  CR51U  crystals  were  tried 
and  the  higher-Q  fundamental-mode 
CR19U  was  found  to  ring  for  a 
longer  period.  Since  loading  re¬ 


oscillator  circuit  achieves  sinusoidal 
variation  with  shaft  positioning. 
Frequency  range  is  controlled  by  a 
trimmer  in  series  with  the  tuning 
capacitor. 

Clutter  is  produced  by  ringing  a 
bank  of  closely  spaced  crystals  and 
allowing  the  resultant  frequencies 
to  beat  together  to  produce  a  jagged 
clutter  return  that  decays  with 
range.  This  technique  was  first 
.used  by  MIT’s  Lincoln  Laboratory. 
Since  the  target  and  clutter  must 


FIG.  S — In  the  three  pairs  of 
traces,  clutter-cancellation  ratio  is 
a  db;  top  pair  shows  moving  tar¬ 
get  in  clutter;  center,  moving  tar¬ 
get  in  clutter  and  noise;  bottom, 
idle  target  in  clutter  and  noise 


FIG.  4 — Oscilloscope  traces  indi¬ 
cate  typical  clutter  outputs.  Top 
trace  has  a  horizontal  time  scale  of 
100  sec/ cm;  center  trace,  10  sec/ 
cm,  and  the  bottom  trace,  1 
sec/ cm 
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Testing  and  Evaluating 
Missile-Firing  Interceptors 


System  plots  the  trajectories  of  the  interceptor 
aircraft,  fired  missile  and  drone  aircraft. 
Vector  ]mths,  rather  than  scalar  distances,  are 
determined  for  the  three  vehicles 


By  WALTER  J.  ZABLE,  President,  Cubic  Corp.,  San  Diego,  California 


vector  miss-distance  information 
for  complete  real  time  weapon-sys¬ 
tem  evaluation. 

MATTS  is  a  three-target  system 
installed  on  the  Eglin  Gulf  Test 
Range,  Florida,  where  its  primary 
mission  is  evaluating  the  use  of  air- 
to-air  rockets  and  missiles.  Ba¬ 
sically,  MATTS  is  a  ground-based 
c-w’  phase-comparison  system.  It 
tracks  interceptor,  missile  and 
drone  by  receiving  radio  signals 
transmitted  by  small  c-w  transmit¬ 
ters  in  the  airborne  vehicles.  The 
transmitted  signals  are  received  by 


EFFECTIVE  EVALUATION  of  air-to-air 
w’eapon  systems  requires  accurate 
information  about  the  interceptor 
aircraft,  target  drone  and  mi.ssile 
trajectories,  including  the  point  of 
closest  approach  of  missile  to  drone. 
For  missiles  with  high-yield  war¬ 
heads,  it  is  necessary  also  to  pro¬ 
vide  interceptor  data  following 
missile  launch  to  evaluate  the 
escape  maneuver.  The  recently 
developed  multiple  airborne  target 
trajectory  .sy.stem  (MATTS),  in 
addition  to  providing  .scalar  miss 
distances,  computes  trajectory  and 


Van  and  antenna  of  MATTS  in¬ 
stallation  at  Eglin  Gulf  Test  Range 


two  separated  ground  stations;  in 
the  Eglin  installation,  these  are 
located  42  miles  apart,  at  Cape  San 
Bias  and  Carrabelle  (Fig.  1). 

Each  ground  station  determines 
a  pair  of  direction  cosines  asso¬ 
ciated  with  the  vector  pointing  at 
each  target.  This  is  done  by  using 
two  angle-measuring  equipments 
(AME)  at  each  station.  The 
AME’s  measure  the  phase  differ¬ 
ence  between  the  signals  received 
on  two  separate  antennas  on  the 
AME  ba.seline. 

The  measured  phase  angle  be¬ 
tween  induced  antenna  currents  is 
proportional  to  the  difference  in 
propagation  time  from  an  airborne- 
vehicle  transmitter  to  the  two  an¬ 
tennas;  thus,  it  is  proportional  also 
to  the  difference  betw'een  the  two 
transmission-path  lengths.  This 
path-length  difference  is  directly 
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FIG.  1 — Two  tracking  vans  and  one  computer  van  house  electronics 
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FIG.  2 — Direction  cosine  of  vector  (A)  is  used  in  determining  trajectori/.  Crossed  baseline  antenna  field  (B) 


detonation  are  determined  in  real 
time. 

The  AME  baseline  is  50  wave¬ 
lengths  long.  However,  since  such 
phase  differences  as  n,  n  +  2i7,  n  -|- 
An  yield  identical  indications,  50- 
wave-length  antenna  pair  spacing 
provides,  along  with  high  angle  res¬ 
olution,  a  degree  of  ambiguity.  The 
number  of  ambiguous  angle  indi¬ 
cations  (and  also  the  accuracy)  are 
reduced  by  decreasing  the  antenna 


spacing  until  1  wavelength  is 
reached.  With  J-wavelength  spac¬ 
ing,  only  a  single  direction  cosine 
is  measured  corresponding  to  each 
measured  phase  difference.  In  the 
AME’s  u.sed,  ambiguities  are  elimi¬ 
nated,  while  accuracy  is  main¬ 
tained,  by  using  three  antenna 
pairs  on  each  baseline  (Fig.  2B). 
One  pair,  at  an  equivalent  half¬ 
wavelength  spacing,  is  used  for  un¬ 
ambiguous  coarse  measurement.  A 


proportional  to  the  direction  cosine 
(with  respect  to  the  antenna  base¬ 
line)  of  a  vector  pointing  at  the 
transmitter  (Fig.  2A).  The  AME’s 
continuously  generate  direction- 
cosine  data,  to  six  decimal  places, 
in  both  visual  and  electrical  form. 
Data  are  relayed  to  a  central  com¬ 
puter,  where  the  trajectory  of  each 
target  and  the  missile-drone  and 
missile-interceptor  separations  at 
the  time  of  simulated  warhead 
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FIG.  A — Single-target,  single-baseline  system  shows  how  i-f  signals  are 
obtained  from  each  antenna  pair 
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second  (5-wavelength)  pair,  whose  connected  to  the  gear  trains,  digi-  plifier  and  detector.  The  interme- 
ambiguities  have  been  resolved  by  tize  the  direction-cosine  data,  diate  frequencies  are  added,  am- 
the  i-wavelength  pair,  resolves  the  Phase-measuring  techniques  have  plihed  and  detected.  Output  of  the 
ambiguities  of  the  50-wavelength  been  developed  for  determining  detector  is  a  1-Kc  signal,  called  the 
(fine)  pair  that  provides  the  ulti-  small  phase  differences  with  high  data  signal,  which  is  directly  re¬ 
mate  system  accuracy.  There  are  accuracies.  Measurements  show  lated  to  the  phase  difference  be- 
two  phase-comparison  receivers  standard  deviations  in  cosine  of  tween  the  two  received  signals. 

(one  on  each  baseline)  for  each  about  15  ppm.  Each  MATTS  ground  station  has 

transmitter  being  tracked.  A  com-  Since  MATTS  operates  on  phase-  two  r-f  equipment  packages  per- 
mon  time  base  is  provided  by  a  com-  comparison  principles,  phase  distor-  forming  these  four  functions: 
munications  line  between  ground  tions  within  the  system  are  min-  (1)  Receive  simultaneously  any 
stations.  imized.  three  of  four  designated  frequen- 

Each  direction  cosine  measured  A  simplified  block  diagram  show-  cies  transmitted  by  three  airborne 
by  AME  determines  a  conic  surface  ing  one  channel  of  a  basic  angle-  signal  sources, 
on  which  the  transmitter  (the  ve-  measuring  equipment  appears  in  (2)  Produce  1-Kc  outputs  whose 
hide  being  tracked)  lies.  Such  Fig.  3.  The  signals  received  at  the  phases  are  proportional  to  the  phase 
information  is  insufficient  to  deter-  two  antennas  differ  in  phase  by  an  differences  of  the  signals  received 
mine  actual  direction  in  space.  But  amount  dependent  upon  a  direction  at  two  antennas  50  wavelengths 
with  two  AME’s  operating  from  cosine  of  the  target  position  vector,  apart. 

mutually  perpendicular  and  bisect-  The  dual  local  oscillator  (dlo)  (3)  Produce  comparable  1-Kc 
ing  baselines,  the  transmitter’s  produces  three  output  signals  of  outputs  from  the  signals  received 
direction  is  uniquely  determined  by  which  two  (1-Kc  apart)  are  sup-  at  two  antennas  5  wavelengths 
the  straight  line  formed  by  the  in-  plied  to  the  two  r-f  heads,  respec-  apart. 

tersection  of  the  two  conic  surfaces,  tively,  and  the  third  is  a  1-Kc  ref-  (4)  Produce  comparable  1-Kc 
Unambiguous  cosine  information  erence  signal  for  the  servo  phase-  outputs  from  the  signals  received 
is  developed  by  phasemeters  from  meter.  at  an  equivalent  half-wavelength 

the  data  received  at  the  three  pairs  The  r-f  head  with  each  antenna  pair  of  antennas, 

of  antennas  on  each  baseline.  These  heterodynes  the  received  and  dlo  A  typical  single-target,  single¬ 
phasemeters  consist  of  servo-con-  signals.  The  two  i-f  signals  are  baseline  AME  r-f  system  is  shown 
trol  amplifiers  coupled  to  precision  1-Kc  apart,  and  have  the  same  phase  in  Fig.  4.  The  signal  received  at 
gear  trains.  The  amplifiers  produce  relationship  as  did  the  r-f  signals  one  antenna  of  each  pair  is  hetero¬ 
gear-train  shaft  rotations  propor-  received  at  the  antennas.  dyned  with  the  local  oscillator  sig- 

tional  to  the  phase  differences  be-  These  two  i-f  signals  are  fed  nal  at  while  the  signal  received 

tween  the  data  signals  and  internal  from  the  r-f  heads  to  the  receiver,  at  the  opposite  antenna  of  each  pair 
reference  signals.  Digital  encoders,  consisting  of  a  six-stage  i-f  am-  is  heterodyned  with  the  local  oscil¬ 
lator  signal  at  the  frequency  (/,  -f 
1-Kc.  The  two  i-f  signals  thus 
derived  from  each  antenna  pair  are 
linearly  added,  amplified  and  de¬ 
tected  to  produce  the  1-Kc  data  sig¬ 
nal.  The  1-Kc  beat  frequency  pro¬ 
duced  by  mixing  the  two  dlo  signals 
serves  as  a  reference.  Phase  differ¬ 
ence  between  the  data  signal  and 
the  reference  signal  equals  the 
phase  difference  between  the  two 
received  signals  (plus  a  fixed  error 
which  can  be  calibrated  out). 

Expanding  the  AME  to  a  multi¬ 
ple-target  sy.stem  requires  signal 
separation  without  loss  of  sensitiv¬ 
ity  of  phase  stability.  This  is  done 
by  filtering  in  the  i-f  amplifiers, 
after  addition  of  the  two  i-f  signals 
associated  with  each  antenna  pair. 

As  the  phase  stability  of  a  tuned 
amplifier  is  directly  proportional  to 
its  bandwidth,  the  r-f  amplifiers  are 
designed  for  maximum  practical 
bandwidth  and  flat  phase  slopes  to 
minimize  phase  dependence  on  tem¬ 
perature,  voltage  and  other  factors. 
However,  if  the  two  signals  are 

FIG.  5 — Single-channel  multiple-target  receiver  usee  patch  board  for  passed  through  an  amplifier  whose 

selecting  target  frequencies  bandwidth  is  much  larger  than 
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their  frequency  difference,  the 
phase  variations  of  the  detected 
beat  frequency  are  much  smaller 
than  the  total  phase  variations  of 
the  amplifier. 

MATTS  includes  a  three-channel 
system  with  each  channel  quickly 
tunable  to  one  of  four  fixed  fre¬ 
quencies. 

An  i-f  amplifier  with  each  phase¬ 
meter  channel  amplifies  the  proper 
signals  and  rejects  unwanted  sig¬ 
nals.  Selection  of  the  channel  for 
each  target  is  made  by  connections 
at  a  patch  panel  between  the  second 
converters  and  the  10-Mc  i-f  am¬ 
plifiers.  The  r-f  amplifiers  and  the 
first  converters  are  center-tuned  to 
220  Me  and  have  a  bandwidth  of 
20  Me,  covering  the  whole  spectrum 
of  target  frequencies.  Figure  5  out¬ 
lines  a  single-channel  multiple- 
target  receiver. 

The  r-f  amplifiers  (in  the  an¬ 
tenna  field,  one  below  each  receiving 
antenna)  amplify  the  antenna  sig¬ 


nal  to  overcome  losses  in  the  co¬ 
axial  transmission  lines  between 
the  antenna  and  the  van.  The  sig¬ 
nals  are  applied  through  coaxial 
cables  to  the  first  mixers,  which  are 
located  in  the  vans.  Each  AME  site 
contains  13  of  these  r-f  amplifiers: 
one  for  each  receiving  antenna  and 
one  for  the  van-mounted  antenna 
(for  the  calibration  receiver). 

The  incoming  antenna  signal  is 
coupled  to  the  cathode  of  a  ground- 
ed-grid  r-f  amplifier 

The  r-f  amplifier  has  a  net  gain 
of  28  db  and  a  band  pass  in  excess 
of  15  Me.  The  noise  figure  for  all 
of  these  amplifiers  averages  6  db 
with  a  sensitivity  of  0.5  microvolts. 
Dynamic  range  is  in  excess  of  60 
db. 

The  r-f  signals  from  the  antenna 
field  are  mixed  with  one  of  the  two 
dlo  signals  (/,;  f,  -t-  1  Kc)  so  that 
the  beat  frequencies  for  the  two 
signals  corresponding  to  a  given 
antenna  pair  are  1  Kc  apart  (Fig. 


5).  Bandwidth  requirements  are  rel¬ 
atively  stringent,  because  all  fre¬ 
quencies  between  30  Me  and  36  Me 
must  be  passed  with  a  phase  stabil¬ 
ity  of  0.1  degree  under  the  expected 
environmental  conditions. 

The  outputs  from  the  two  first 
mixers  corresponding  to  each  an¬ 
tenna  pair  are  combined  in  an 
adder,  which  is  extremely  linear  to 
keep  intermodulation  distortion 
minimum. 

The  first  i-f  amplifiers  (i-/i)  am¬ 
plify  and  aid  in  separating  the  four 
possible  signals  from  different  air¬ 
borne  vehicles.  Each  is  tuned  to  a 
frequency  corresponding  to  one  of 
these  signals  and  is  also  a  buffer 
between  the  first  and  second  mix¬ 
ers.  Since  only  a  single  1-Kc-apart 
pair  of  frequencies  need  be  passed 
by  each  first  i-f  amplifier,  its  phase 
characteristic  is  important  only  in 
so  far  as  it  affects  the  single  fre¬ 
quency  pair.  The  bandwidth  of  the 
unit  is  made  large  compared  to  1 
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Kc  that  phase  variations  of  the 
selected  difference  frequency  are 
small  compared  to  the  amplifier’s 
overall  phase  variation. 

The  second  local  oscillators  pro¬ 
vide  sisrnals  for  the  second  conver¬ 
sion.  which  lowers  the  frequencies 
generated  by  the  first  conversion  so 
that  their  separation  is  large  com¬ 
pared  to  a  feasible  second  i-f  band¬ 
width.  Only  one  oscillator  is  re¬ 
quired  for  each  of  the  four  received 
frequencies.  It  feeds  the  six  mixers 
at  each  site  through  buffering  that 
eliminates  crosstalk. 

The  second  mixer  heterodsmes 
the  signal  from  the  first  i-f  am¬ 
plifier  and  the  second  local  oscillator 
to  produce  a  10-Mc  final  i-f.  There 
is  a  separate  mixer  for  each  of  the 
four  possible  signals  to  be  tracked 
and  the  individual  mixers,  local  os¬ 
cillator  signals  and  first  i-f  signals 
are  connected  for  complete  separa¬ 
tion  of  the  data  signals. 

Much  of  the  system  i-f  gain  and 
most  of  the  interchannel  isolation 
are  achieved  in  the  second  i-f  am¬ 
plifier  i-f,.  Since  four  separate 
second  local  oscillators  are  used,  all 
second  i-f  amplifiers  operate  at  the 
same  10-Mc  frequency.  The  i-f  am¬ 
plifiers  are  connected  through  a 
patch  panel  to  the  second  mixers 
corresponding  to  the  three  selected 
target  frequencies.  The  bandwidth 
must  be  large  compared  to  the  sepa¬ 
ration  (1  Kc)  of  the  two  frequen¬ 
cies  being  amplified,  and  small 
compared  to  all  other  products  of 
the  second  mixer  feeding  it  (2  Me 
is  the  separation  of  the  closest 
unwanted  product).  After  ampli¬ 
fication,  the  signals  are  applied  to 
a  detector  and  cathode  follower  that 
beat  the  two  i-f  signals  and  ex¬ 
tract  the  1-Kc  difference. 

The  1-Kc  output  provides  the 
servo  phasemeter  with  a  signal 
whose  phase  is  related  to  the  phase 
difference  associated  with  the  an¬ 
tenna  pair  feeding  the  amplifier. 
Automatic  gain  control  is  also  pro¬ 
vided  to  keep  the  amplitude  of  the 
1-Kc  output  constant. 

The  dual  local  oscillator  (dlo) 
uses  multiplexing  to  eliminate  the 
need  for  retuning  or  adju.sting.  It 
may  be  divided  into  seven  parts :  ex¬ 
citer  section,  reactance  section,  fre¬ 
quency-control  unit,  two  power- 
amplifier  sections,  discriminator 
section  and  1,000-cycle  reference 
generator.  Figure  6  is  an  overall 
block  diagram  of  the  dlo. 


The  discriminator  maintains  an 
exact  1-Kc  separation  between  the 
two  r-f  signals,  and  supplies  a  volt¬ 
age  and  frequency  stabilized  refer¬ 
ence  signal  to  the  phasemeter.  The 
circuits  of  this  section  are  uncon¬ 
ventional. 

Signals  from  both  channels  are 
applied  to  a  mixing  coil  that  is  a 
common  plate  load,  and  their  dif¬ 
ference  frequency  is  detected  by  a 
detector-filter.  The  1-Kc  signal  is 
applied  to  a  voltage  amplifier  and 
then  to  a  cathode  follower.  The 
cathode  follower  includes  a  resist¬ 
ance  divider  to  provide  predeter¬ 
mined  amounts  of  the  1-Kc  signal 
for  the  age  loop,  the  coarse  dis¬ 
criminator,  fine  discriminator  and 
reference  input  to  the  phasemeter. 
The  age  loop  contains  an  amplifier, 
detector,  and  r-f  filter.  Loop  func¬ 
tion  is  to  maintain  a  constant  level 
in  the  signals  supplied  to  the  phase¬ 
meter,  fine  discriminator  and  coarse 
discriminator. 

One  signal  from  the  divider  is 
applied  to  a  voltage  amplifier  that 
has  enough  negative  feedback  to 
ensure  linear  operation.  The  am¬ 
plifier  output  is  coupled  to  a  fre¬ 
quency  discriminator  by  a  trans¬ 
former  whose  secondary  has  two 
windings.  One  winding  is  center- 
tapped,  and  is  connected  through  an 
L-C  combination  to  the  other  wind¬ 
ing,  to  form  a  circuit  resonant  at 
1  Kc.  When  the  signal  from  the 
voltage  amplifier  is  exactly  1  Kc, 
the  discriminator  output  is  zero. 
However,  when  the  frequency  of  the 
input  signal  changes,  the  discrimi¬ 
nator  output  also  changes  in 
amplitude  and  polarity  (1-Kc  posi¬ 
tive,  1-Kc  negative) .  The  output  of 
the  frequency  discriminator  is  ap¬ 
plied  to  the  reactance  tube  as  a 
coarse  control  signal. 

The  voltage  divider  also  provides 
an  input  signal  to  a  voltage  ampli¬ 
fier  and  a  phase  discriminator.  The 
1-Kc  signal  from  the  voltage  divider 
is  applied  to  the  grid  of  one  am¬ 
plifier,  while  a  1-Kc  signal  from  the 
reference  generator  is  applied  to 
the  grid  of  another  amplifier.  The 
two  plates  are  connected  to  the 
primaries  of  two  interstage  trans¬ 
formers  ;  a  dual  diode  is  used  in  the 
secondary.  The  output  polarity  and 
magnitude  are  determined  by  the 
phase  difference  of  the  two  input 
signals.  The  output  of  the  phase 
discriminator  is  applied  to  the  re¬ 
actance  tube  as  a  fine  control  signal. 


To  make  full  use  of  the  sys¬ 
tem’s  inherent  tracking  accuracy, 
MATTS  output  data  is  processed  to 
a  resolution  of  5  ppm.  Therefore, 
each  direction  cosine  is  derived  as 
an  18-bit  binary  word.  An  addi¬ 
tional  bit  is  required  for  algebraic 
sign,  since  the  direction-cosine 
value  may  be  positive  or  negative. 

An  optical  encoder  provides  a  13- 
bit  fine  data  word  for  each  direc¬ 
tion  cosine.  A  simple  electro¬ 
mechanical  encoder  is  coupled 
through  a  gear-down  arrangement 
to  each  optical  encoder  and  produces 
six  bits  of  coarse  data  plus  one 
bit  for  backlash  correction. 

The  encoders  are  selectively  in¬ 
terrogated  20  times,  10  times  or 
once  a  second  as  commanded  by 
MATTS  internal  timing.  Each  en¬ 
coder  generates  a  Gray-code  num¬ 
ber  on  interrogation,  and  separate 
Gray  -  to  -  binary  conversions  are 
made  for  the  numbers  in  each  en¬ 
coder  pair.  Backlash  effects  are 
eliminated  by  combining  each  pair 
of  coarse  and  fine  encoder  readings 
to  form  the  final  19-bit  word.  Each 
sample  is  six  words,  corresponding 
to  a  pair  of  direction  cosines  for 
each  of  the  three  targets. 

The  MATTS  data-handling  equip¬ 
ment  includes  self-checking  fea¬ 
tures.  Known  Gray-code  num¬ 
bers  may  be  inserted  at  the 
input,  and  the  final  output  format 
values  checked  against  a  stored, 
correct  value.  Any  difference  be¬ 
tween  the  two  is  externally  signaled 
to  indicate  equipment  malfunction. 
Marginal  checking  is  also  provided, 
where  the  known  Gray-code  num¬ 
ber  is  cyclically  inserted  into  the 
input  and  certain  voltages  are  in¬ 
creased  and  decreased  in  known 
sequence  in  parts  of  the  equipment, 
with  malfunctions  again  observed. 
Defective  components  may  be  lo¬ 
cated,  since  the  voltage  variations 
are  confined  to  particular  sections. 

Intercept  missions  are  plotted  on 
X-Y  and  Y-Z  boards.  The  plotted 
drone  track  continues  to  the  point 
of  burst,  while  the  interceptor  path 
is  indicated  up  to  the  time  of  launch 
and  following  burst.  The  missile 
track  is  plotted  from  launch  to 
burst. 

Other  applications  of  similar 
systems  include  range  safety,  drone 
guidance,  missile  evaluation,  bomb 
scoring,  air  traffic  control,  simu¬ 
lated  firings  and  formation-attack 
scoring. 
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Tuning-Fork  Audio  Filter  Tunes 

Tuning-fork  frequency  is  adjusted  to  50  parts  per  million  by  varying 
current  in  magnet  coil;  a  highly  selective  audio  filter  results 
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COIL 


COIL 


FIG.  1 — Tunivg-fork  mechanical  assembly  shows  arrangement  and  polarity 
of  electromagnets 


FIG.  2 — Input  and  output  cathode  followers  isolate  filter  from  rest  of 
circuit.  Drive  and  pickup  amplifiers  cancel  fork  insertion  loss 


THE  TUNING-FORK  FILTER  has  high 
selectivity  and  stability  in  the 
audio-frequency  region.  However, 
this  inherent  stability  makes  it  dif¬ 
ficult  to  adjust  its  resonant  fre¬ 
quency. 

One  way  to  vary  the  frequency  of 
a  tuning  fork  is  to  mechanically 
constrain  the  fork  tines  by  weights 
or  otherwise;  this  method  has  been 
used  in  acoustic  and  musical  appli¬ 
cations.  When  the  tuning  fork  is 
used  in  an  oscillator  circuit  as  a 
frequency  standard,  the  frequency 
can  be  adjusted  by  varying  the 
phase  shift  at  some  point  in  the 
loop;  also  to  some  extent  by  chang¬ 
ing  the  drive  amplitude.  The  res¬ 
onant  frequency  of  a  tuning  fork 
depends  somewhat  on  the  air  pres¬ 
sure  surrounding  it‘,  and  a  fre¬ 
quency  adjustment  during  manufac¬ 
ture  can  be  obtained  by  varying 
pressure  in  the  hermetically  sealed 
container. 

The  frequency  also  depends  on 
the  strength  of  the  magnetic  fields 
applied  to  the  tines,  and  a  manufac¬ 
turing  adjustment  can  be  obtained 
by  using  an  extra  magnet  either 
inside  or  outside  the  fork  container. 
However,  an  electrical  adjustment 
can  be  made  by  generating  the 
magnetic  field  with  a  current-carry¬ 
ing  coil. 

Figure  1  shows  the  mechanical 
arrangement  of  the  tuning-fork 
filter.  The  two  drive  coils,  mounted 
on  permanent  magnets,  are  shown 
on  the  outside  of  each  fork  tine. 
The  adjacent  portions  of  the  fork 
tines  act  as  magnetic  shunts  (with 
air  gaps)  b<?tween  the  faces  of  each 
magnet,  and  thus  each  tine  is  at¬ 
tracted  to  the  nearest  drive  magnet. 
The  input  signal  is  applied  to  the 
drive  coils  in  series,  and  the  a-c 
current  will  generate  a-c  magnetic 
fields.  This  will  tend  to  cause  the 
fork  to  vibrate,  but  the  magnetic 
forces  are  independent  of  the  polar¬ 
ity  of  the  signal  current.  There¬ 
fore,  the  magnetic  bias  supplied  by 
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the  permanent  magnets  is  necessary 
in  the  drive  circuit  to  avoid  fre¬ 
quency  doubling  effects  and  non- 
sinusoidal  forcing  functions. 

When  the  frequency  of  the  input 
signal  is  close  to  the  fork  frequency, 
the  drive  current  will  induce  fork 
vibration.  This  will  cause  varying 
air-gap  dimensions  in  the  pickup 
circuit,  and  this  variable  reluctance 
is  converted  into  an  emf  by  the 
permanent  magnet  and  coil  of  the 
pickup  circuit.  Thus,  the  movement 
of  the  fork  tines  couples  energy 
from  the  drive  coils  to  the  pickup 
coil  with  frequency  selectivity  in¬ 
troduced  by  the  natural  resonance 
of  the  fork. 

All  coils  for  this  400  cps  tuning 
fork  filter  were  made  of  13,000 
turns  of  Awg  50  wire  with  a  d-c 
resistance  of  12,500  ohms.  The 
Alnico  II  magnets  had  an  air  gap 
of  0.060  in.  in  the  drive  circuit  and 
0.050  in.  in  the  pickup  circuit. 

As  the  fork  vibrates,  eddy  cur¬ 
rents  are  set  up  in  the  tines  due  to 
the  motion  of  these  conductors  in 
the  several  magnetic  fields.  These 
eddy  current  losses  increase  with 
fork  vibration  amplitude  to  give 
more  loss  near  resonance,  and  this 
causes  a  reduction  in  Q.  By  reduc¬ 
ing  the  strength  of  the  permanent 
magnets  to  ten  percent  of  their 
saturated  value,  the  basic  Q  of  the 
filter  was  increased  from  2,000  to 
5,000.  Other  points  of  interest  about 
the  filter  application  of  tuning 
forks,  such  as  linearity,  rejection 
ratio  and  transfer  characteristics 
are  described  elsewhere*. 

The  resonant  frequency  of  a  tun¬ 
ing  fork  depends  on  the  ratio  of  its 
mechanical  stiffness  to  its  mass  or 
inertia.  When  the  fork  is  elec¬ 
trically  driven  with  electromagnetic 
transducers,  the  magnets  also  affect 
the  resonant  frequency.  The  pres¬ 
ence  of  a  magnet  near  a  tine  will 
attract  the  tine  away  from  its  rest 
position  toward  the  magnet,  even 
when  the  fork  is  not  vibrating. 
This  steady-state  or  d-c  attraction 
will  be  balanced  by  the  attraction  of 
other  magnets  or  by  a  positional 
offset;  in  either  case,  there  will  be 
no  first  order  effects  on  the  reso¬ 
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nant  frequency  of  the  tuning  fork. 

When  the  tine  is  defiected  toward 
the  magnet  during  vibration,  the 
decreased  air  gap  causes  an  in¬ 
crease  in  the  attractive  force,  tend¬ 
ing  to  deflect  the  tine  further. 
When  the  tine  is  deflected  away 
from  the  magnet,  the  increased  air 
gap  causes  a  decrease  in  the  at¬ 
tractive  force,  again  allowing  the 
tine  to  be  deflected  further.  The 
net  effect  is  to  make  the  tines  more 
limber,  and  this  is  true  for  mag¬ 
nets  mounted  either  between  or 
outside  the  tines.  Therefore,  a 
magnetic  field  generates  spring 
forces  that  change  the  effective 
stiffness  of  the  tuning  fork,  and 
consequently,  its  resonant  fre¬ 
quency.  This  spring  constant  is 
negative;  that  is,  an  increase  in 
magnetic  field  decreases  frequency. 

Magnetic  stiffness  has  been  used 
to  adjust  frequency  in  a  resonant- 
reed  audio  filter*.  A  pair  of  current- 
carrying  coils,  similar  to  the  drive 
and  pickup  coils  and  shown  as  the 
frequency  adjust  coils,  was  mounted 
on  a  soft  iron  yoke  and  aligned  with 
the  ends  of  the  tines.  The  weak  field 
generated  by  current  in  these  coils 
follows  the  fork  tines  and  interacts 
with  the  other  fields.  Along  the  top 
tine,  the  weak  field  will  add  to  the 
fields  of  both  the  drive  and  the 
pickup  circuits  with  its  polarity  as 
shown;  it  will  subtract  from  both 
when  its  polarity  is  reversed.  Along 
the  bottom  tine,  either  polarity  of 
the  weak  field  will  give  both  addi¬ 
tion  and  subtraction.  Thus  the  net 
field  acting  on  the  top  tine  is  in¬ 
creased  or  decreased  while  that  of 
the  bottom  tine  tends  to  be  held  con¬ 
stant.  This  unbalancing  effect  on 
the  fork  tines  is  responsible  for  the 
frequency  adjustment.  Since  only  a 
small  frequency  adjustment  was 
required,  there  were  no  deleterious 
effects  due  to  the  unbalanced 
condition. 

This  theory  was  verified  by 
blocked-tine  tests  in  which  one  tine 
is  clamped  and  the  resonant  fre¬ 
quency  of  the  other  is  measured. 
The  frequency  of  the  top  tine  in¬ 
creased  with  one  polarity  of  current 
in  the  frequency  adjust  coils  and 
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decreased  with  the  opposite  polar¬ 
ity;  the  frequency  of  the  bottom 
tine  did  not  depend  on  the  polarity 
of  the  weak  field.  The  blocking  of 
one  tine  changes  the  mechanical 
system  and  the  numerical  relation-, 
ships  between  the  several  fre¬ 
quencies  were  not  perfect.  Addi¬ 
tional  corroboration  of  this  theory 
is  that  the  fork  frequency  did  not 
change  when  the  bias  current  was 
applied  to  the  drive  or  pickup  coils 
or  both.  The  strength  of  these 
permanent  magnets  was  not  notice¬ 
ably  affected  by  a  full  bias  current 
of  either  polarity. 

An  electrically  tunable  filter  can 
lock  on  an  incoming  signal  by  feed¬ 
back  and  thereby  detect  variations 
of  signal  frequency.  It  can  scan  a 
frequency  band  in  search  of  a  sig¬ 
nal.  It  further  can  be  used  to  set 
a  precise  frequency  at  a  given 
temperature  or  to  counteract  any 
change  of  frequency  due  to  aging. 
For  this  last  reason  the  frequency 
adjustment  was  incorporated  into 
a  set  of  temperature-controlled  tun¬ 
ing  fork  filters.  The  requirement 
was  that  all  six  filters  be  tunable  to 
exactly  the  same  frequency.  It  was 
determined  that  the  50  parts  per 
million  frequency  adjustment  ob¬ 
tained  with  one  milliamp  in  the  fre¬ 
quency  adjust  coils  was  adequate  to 
compensate  for  manufacturing  tol¬ 
erances  and  aging. 

Each  tuning-fork  filter  was  en¬ 
closed  in  a  hermetically-sealed  con¬ 
tainer  and  mounted  on  a  printed 
circuit  board.  Figure  2  shows  that 
the  filter  was  isolated  from  the  rest 
of  the  system  by  input  and  output 
cathode  followers,  Vu  and  F,*.  The 
drive  amplifier  F,*  and  the  pickup 
amplifier  F^,  cancel  the  26-db  in¬ 
sertion  loss  of  the  filter  and  supply 
an  overall  gain  of  unity  through 
the  two  gain-adjustment  potentiom¬ 
eters  R,  and  R,. 
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Designing  Shunt -Peaked 


Equations  for  maximally- flat-magnitude  design  and 
simpler  polezero-cancellation  design  are  presented. 
Examples  and  circuits  clarify  design  steps 
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larger  gain-bandwidth  product 
(GBW)  for  a  flat  magnitude  re¬ 
sponse  in  the  pass  band.  Curves  of 
GBW  product  against  bandwidth 
are  shown  in  Fig,  2A  for  these  two 
shunt-peaked  design  methods.  The 
GBW  curve  is  also  shown  for  a  sim¬ 
ple  resistive  interstage. 

In  the  pole-zero  cancellation 
method  the  radial  3-db  bandwidth 
(BW)  is  equal  to  the  magnitude  of 
the  noncanceled  pole. 

mV  =  I)  +  r\/L  (2) 

The  constraint  that  the  zero  can¬ 
cel  a  pole,  say  pj,  in  Eq.  IB  gives 


mV  X  />/«r  =  I  \/T,{!Q)  I  =  1/C  (3) 

The  magnitude  of  the  low  fre¬ 
quency  gain  is 

G  =  lioRi/iRi  4-  7?i  -1-  r'h)  (4) 
Thus  the  GBW  product  is 
GXBW  =  ut  n  (5) 

Example  1,  pole-zero  cancelUtr 
tion:  It  is  desired  to  build  a  one- 
stage  amplifier  having  a  1-Mc  band¬ 
width,  driven  by  a  current  source, 
and  having  an  Rt.  =  146  ohms. 
Transistor  A,  with  operating  point 
parameters  given  in  Table  II  is 
used.  From  the  expression  given 


A  METHOD  of  obtaining  a  cascaded, 
broad-band,  video  amplifier  is  to 
use  shunt-peaked  interstages.  A 
typical  amplifier  with  biasing  and 
coupling  is  shown  in  Fig.  lA.  The 
inductance  improves  the  high-fre¬ 
quency  response. 

The  common-emitter  stage  is  rep¬ 
resented  by  the  approximate  uni¬ 
lateral  circuit  model“  shown  in 
Fig.  1C.  The  range  of  validity  for 
the  circuit  is  1/r,  C,  <  ti>  <  wr. 
See  Table  I  for  definitions.  The 
equivalent  circuit  of  one  stage  of 
the  amplifier  is  .shown  in  Fig.  ID. 
In  Fig.  ID,  R,.  is  either  the  load  at 
the  output  of  the  amplifier,  or  the 
low-frequency  input  resistance  of 
the  next  stage.  The  current  gain 
for  the  circuit  in  Fig.  ID  is 


I P* + p\R,  I-  +  "fl  '  f>l  + 

'^a(R.+Ri)  LI)\ 


Equation  lA  has  the  form 

.4(7) -I- z.) 
ip  +  Pi)(p  -t-  Pi) 

Two  methods  of  design  can  be 
used  to  achieve  useful  response 
shapes.  The  first  method  is  to  can¬ 
cel  one  of  the  poles  of  Eq.  IB  with 
the  zero,  z„  giving  a  one-pole  mag¬ 
nitude  response:  T,ip)  =  A/ip  -i- 
p,).  The  .second  method  is  to  de¬ 
sign  for  a  maximally  flat  magni¬ 
tude  (MFM),  two-pole,  one-zero  re¬ 
sponse.  The  first  method  is  the 
simplest  but  the  second  gives  a 


FIG.  1 — Typical  shunt-peaked  amplifier  (A)  and  effective  high-frequency 
circuit  (B),  Approximate  unilateral  common-emitter  circuit  model  (C)  and 
high-frequency  equivalent  circuit  of  one-stage  shunt-peaked  amplifier  (D) 
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Transistor  Amplifiers 
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FIG.  2 — Gain-bandividth  product  at  a  function  of  bandwidth  (A).  Shunt-peaked  circuit  of  Example  1,  with  pole-zero  can¬ 
cellation  design  (B).  Gain-bandwidth  product  at  a  function  of  bandwidth  for  maximally -flat-magnitude  design  (C). 
Approximate  transistor  parameters  for  curves  in  (A)  and  (B)  are  ut  =  108,  /3,  =  50,  Cr  =  20  pf,  r't  =  50,  r',  =  SO; 
Rl  for  iterative  stages  is  a  function  of  input  of  following  stages  as  discussed  in  Example  3 


Table  I— SYMBOLS  AND  DEFINITIONS 

p  «  complex  frequency  variable 
f  “  frequency  in  cpe 
ui  =«  2Tf  =  f  in  radians  per  second 
CE  »  common  emitter 
CB  =  common  base 
d  “  CE  short-circuit  current  (tain 
“  low-frequency  CE  short-circuit 
current  K&in 

“9  “  radian  frequency  where  the 
magnitude  of  the  CE  short- 
circuit  current  Rain  »  0.707  of 
its  low-frequency  value 
«ofl  “  radian  frequency  where  d  'n 
the  CE  configuration  *  1. 

("r  «  0o«9) 

r.  »  output  impedance  of  the  CB 
configuration,  usually  1-2  me^- 
ohms 

r'»  =  ohmic  base  resistance 

R,  “  R;  -f-  r'» 

r,  —  kT  ‘ql„  which  is  about  25  ohms 
at  1  ma  at  room  temperature 
(that  is,  0.025  volts/7,) 


R\  -  0or. 

Rl  —  load  resistance  presented  to  the 
collector 

C,  =  collector  depletion-layer  ca¬ 
pacitance 

D  =  1  -f-  (iirCefr,  -|-  Rl) 

Cl  “  D/urTt 

BW  —  radian  frequency  where  the 
magnitude  of  the  ^ain  «  0.707 
of  its  low-frequency  value 
I  T/fO)  I  =  C  —  magnitude  of  the  low- 
frequency  current  Rain 
M  =  (Rz/L)  X 
*  ”  r'»/R/ 

A,  -  I  T,m  1/^.  -  C//J. 
wa  “  radian  frequency  where  the 
magnitude  of  the  CB  short- 
circuit  current  Rain  —  0.707  of 
its  low-frequency  value 
n  =  number  of  .stages  in  a  cascade 
amplifier 

F  =  bandwidth  shrinkage  factor  for 
cascade  amplifiers  “  (2’'"  —  1)*'* 


0.64 


0.51 


0.44 


0.39 


0.35 


0.32 


0  30 


in  Table  I,  D  is  found  to  be  1.16. 
Equation  2  is  used  to  find  L  =  6.41 
ph.  From  Eq.  3  and  4  R,  =  162 
ohms.  Gain  is  found  from  Eq.  3 
or  4:  G  =  I  T,(0)  |  =  10.9. 

The  circuit  diagram  is  shown  in 
Fig.  2B.  The  agreement  between 
calculated  and  experimental  results 
was  good. 

Calculated  Experimental 
Gain  10  9  10  4 

Bandwidth  1  Me  1.05  Me 

GBW  10.9  Me  10.9  Me 

For  maximally  flat  magnitude 
(MFM)  design  the  following  equa¬ 
tion  must  be  satisfied.* 

m’(1  +  «)  -b 

2p(l  -b  .  -  l/A.)  -b  1  -  1M,‘  -  0  (6) 

where  c  =  r'»/R/  (7) 

A.  -  I  T,(0)  I/d.  (8) 

M  =  (R//L)  X  (D/«9)  (9) 

The  3-db  bandwidth  is 

BW  =  Vl-b4M*A ,«]*'*  (10) 

O  A,V2 

The  low  frequency  gain  is  given  by 
Eq.  4. 

Figure  2C  shows  GBW  as  a  func¬ 
tion  of  BW  for  various  transistor 
parameters,  including  the  ideal 
case  where  r',  =  0  and  C,  =  0.  In 
Fig.  2C,  r.  has  been  chosen  to  be  a 
representative  value.  For  r',  =  0, 
note  in  Fig.  2C  that  as  the  band¬ 


width  is  increased,  the  stage  be¬ 
comes  more  efficient.  The  maximum 
GBW  is  1.726  wt/D.  The  presence 
of  r'*,  however,  limits  the  maximum 
GBW  product  attainable. 

By  making  r,  large,  the  maximum 
point  on  the  GBW/BW  plot  can  be 
shifted  to  larger  bandwidths.  A 
small  r.  helps  to  reduce  the  effects 
of  the  D  factor  for  small  band- 
widths. 

Example  2,  MFM  design:  In  the 


shunt-peaked  interstage  the  three 
degrees  of  freedom  are  Rt,  L,  and 
r,.  If  r,  is  arbitrarily  chosen  and 
if  the  gain  is  specified,  Eq.  4,  7,  8, 
9,  6  and  10  can  be  used  to  compute 
Ri,  «,  A„  Ri/L,  and  BW  respec¬ 
tively.  This  same  procedure  also 
may  be  used  if  Ri  is  chosen.  Solve 
for  r„  L,  and  BW. 

It  is  possible  to  go  from  a  band¬ 
width  specification  to  an  approxi¬ 
mate  gain  specification.  The  GBW 
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lies  between  mr/D  and  1.726  wr/D. 
By  assuming  a  value  for  the  GBW  a 
gain  specification  can  be  had  from 
the  bandwidth  specification.  It  is 
now  necessary  to  choose  a  value  for 
Ri  or  r..  This  degree  of  freedom  can 
be  used  to  obtain  the  maximum  pos¬ 
sible  GBW  for  the  specified  band¬ 
width.  Because  /8„  is  a  function  of 
/„  it  is  usually  wise  to  choose  7. 
(hence  r,).  The  specification  is 
for  a  bandwidth  of  1.0  Me  and 
Rt  is  to  be  equal  to  the  d-c  in¬ 
put  resistance  (this  stage  is  thus 
treated  as  an  interior  stage  in  an 
amplifier  of  identical  stages).  Alloy 
transistor  B  is  used. 

The  GBW  lies  between  (ur/7>  and 
1.726  (Dr/7).  A  good  first  estimate 
can  be  made  by  using  the  graph  in 
Fig.  2C.  A  high  estimate  will  be 
made  to  illustrate  the  iteration 
technique.  Assume  GBW  =  13  Me. 
Thus  G  =  13. 

Using  Eq.  4,  7  and  8,  R,  =  476 
ohms,  c  =  0.168,  A,,  =  0.157. 

From  the  expression  given  in 
Table  I,  D  is  1.4.  From  Eq.  6  and 
9,  M  =  11-8.  Using  Eq.  10  band¬ 
width  =  BW  =  5.34x10*  and  (.«» 
=  0.87  Me.  The  GBW  is  11.3  Me. 

Thus  the  assumed  GBW  is  too 
high  and  the  design  is  gone 
through  again  with  GBW  assumed 
to  be  11.7  Me.  The  results  are:  72, 


=  419  ohms,  c  =  0.191,  A,  =  0.14, 
D  =  1.349,  =  13.1,  =  1.01  Me, 

L  =  55.7  /nh,  GBW  =  11.8  Me. 

An  amplifier  similar  to  Fig.  2C 
with  changes  in  element  values  had 
the  desired  monotonically  decreas¬ 
ing  magnitude  response.  Agree¬ 
ment  between  calculated  and 
experimental  results  for  gain,  band¬ 
width  and  GBW  was  within  a  few 
percent. 

The  design  can  be  optimized  by 
altering  the  value  of  r,  and  going 
through  the  design  again  until  the 
optimum  value  for  r,  (and  72,)  is 
found.  For  a  large  r„  an  external 
series  emitter  resistance  can  be 
added. 

Cascading  shunt-peaked  stages 
is  most  easily  done  for  the  pole-zero 
cancellation  method.  For  n  identi¬ 
cal  one-pole  stages  bandwidth  of 
the  total  cascaded  amplifier  is  equal 
to  the  bandwidth  of  a  single  stage 
times  a  bandwidth  shrinkage  fac¬ 
tor,  F  where  F  =  (2''"  -  l)i. 
Values  for  F  are  given  in  Table  I. 
For  a  1-Mc  amplifier  with  three 
identical  stages,  for  example,  band¬ 
width  for  each  stage  must  be  1/F  = 
1/0.51  =  1.96  Me. 

Example  3,  Amplifier  design:  A 
two-stage  amplifier  is  to  be  de¬ 
signed  with  a  bandwidth  of  2  Me 
and  an  Rt  =  50  ohms.  Input  im¬ 


Table  II— TRANSISTOR  PARAMETERS  AT  THE  OPERATING  POINTS 
FOR  THE  EXAMPLES 


Transistor 

^0 

r,  (ohms)  /a  (Kc) 

r. 

r'l,  (ohms) 

Cc  (pf) 

I,  (ma) 

/r  (Me) 

A 

105 

13 

120 

4.5 

36 

14 

2 

12.6 

B 

83 

30 

123 

4.5 

80 

14 

0  9 

10.2 

C 

105 

13 

87 

5 

82 

19 

2 

9.15 

D 

95 

13 

110 

5 

77 

21.5 

2 

10.4 

E 

112 

13 

127 

5 

63 

19 

2 

14.2 

pedance  of  the  amplifier  is  to  be 
50  ohms.  An  additional  common- 
ba.se  input  stage  is  used  to  obtain 
the  50  ohm  input  impedance. 

Assume  the  common-base  stage 
has  a  BW  of  cd.  and  can  be  neglected 
in  considering  the  BW  shrinkage 
factor,  F.  Since  the  CE  stages  each 
have  an  identical  one-pole  response, 
the  F  factor  is  0.64  and  the  BW  per 
.stage  equals  (2  Me  x  27r)/0.64  = 
19.6  X  10*  rad/.sec.  The  design  is 
begun  from  the  .second  CE  stage, 
for  which  72,  is  50  ohms. 

Alloy  transistor  C  from  Table  II 
is  used.  Proceeding  as  in  example 
1,  7)  =  1.07,  L  =  4.3  fth,  72,  =  38.6 
ohms,  G  =  I  7,(0)  I  =  2.74. 

Now  the  first  CE  stage  is  de¬ 
signed.  Here  Rl  =  72,(72,  +  r',)/ 
(72,  +72,  +  r'^),  where  72,,  72,  and 
r'b  refer  to  the  values  in  the  second 
CE  stage  just  designed. 

Transistor  D  from  Table  II  is 
used,  following  the  same  procedure 
and  obtaining  72,.  =  50.6  ohms,  D  = 
1.07,  L  =  4.06  ^h,  72,  =  44.8  ohms, 
G  =  3.13. 

The  common-base  stage  uses  pnp 
alloy  transistor  E.  Input  imped¬ 
ance  to  the  CB  stages  is  r,  +  r'»/)8, 
«  Z,„.  For  this  case,  Z,„  «  3  + 
63/112  =3  13.6  ohms.  Thus,  the  ex¬ 
ternal  series  resistor  needed  to  pro¬ 
vide  an  input  impedance  of  50  ohms 
=  50  -  13.6  =  36.4  ohms. 

The  CB  stage  has  a  current  gain 
of  about  1  and  therefore  it  does 
not  enter  into  the  over-all  gain  cal¬ 
culation.  The  over-all  current  gain 
is  2.74  X  3.13  =  8.57. 

A  transistor  amplifier  using  the 
above  design  is  shown  in  Fig.  3. 
Results  are: 


Calculated  Experimental 
Gain  8. '37  8.5 

Bandwidth  2  Me  2  .1  Me 

GBW  17.2  Me  17.9  Me 

Research  was  supported  in  part 
by  the  Office  of  Naval  Research 
under  Contract  Nonr-222(74). 
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Microwave  Instrument  Measures 
DIELECTRIC 
CONSTANTS 


Direct-readout  capability  is 
unique  feature,  permits  a  50-percent 
reduction  in  measurement  time 


By  EINO  J.  LUOMA, 

Corning  Olass  Works,  Corning,  New  York 

DIELECTRIC  CONSTANT — or  its  square 
root,  the  index  of  refraction — can 
be  determined  by  measuring  either 
capacitance,  velocity  of  propagation, 
Brewster’s  angle,  refraction  angle, 
or  reflected  power.  Reflected  power 
measurements  eliminate  the  com¬ 
putation  required  by  other  tech¬ 
niques,  This  paper  describes  a 
method  of  using  reflected  power  for 
direct  reading  of  dielectric  con¬ 
stant. 

The  power  reflection  coefficient 
from  a  flat  sheet  of  dielectric  ma¬ 
terial  for  the  lossless  case  is 


But 


Author  takes  notes  as  microwave  dielectrometer  traces 
power  reflection  coefficient  against  frequency.  Dielectric 
constant  of  test  sample  (middle  curve)  can  be  obtained 
to  three  significant  figures 


4r»8in‘« 

(1  -  r*)2  +  4r»8in2« 
where  r  is  the  interface  reflection 
coefficient  and  is  the  electrical 
thickness  and  at  normal  incidence 

r  =  (1  -  V  *  )/(l  -1-  VJ)  (2) 
where  «  is  the  dielectric  constant. 
When  the  sheet  is  an  odd  multiple 
of  quarter  waves  in  thickness,  the 
sin*  4)  in  Eq.  1  reduces  to  unity  and 
by  substituting  Eq.  2,  Eq.  1  be¬ 
comes 

R  =  (.  -  !)/(«  -I-  1)  (3) 

R  -  (p  -  l)/(p  +  1)  (4) 

where  p  is  the  voltage  standing 
wave  ratio. 

Therefore,  from  Eq.  3  and  4,  e 
=  P- 

Since  p  can  be  read  directly  us¬ 
ing  a  microwave  ratiometer  tech¬ 
nique,  it  is  possible  to  read  dielec¬ 
tric  constant  directly.  To  do  this. 


it  should  be  sufficient  to  read  volt¬ 
age  standing  wave  ratio  p  at  the 
frequency  at  which  the  thickness  is 
any  odd  multiple  of  quarter  waves. 
However,  in  applying  this  principle 
to  practice,  several  complications 
arise. 

One  such  complication  is  fre¬ 
quency  ambiguity.  For  a  sample  of 
a  given  thickness,  the  quarter-wave 
thicknesses  occur  at  discrete  fre¬ 
quencies  that  are  themselves  de¬ 
pendent  on  the  dielectric  constant 
to  be  determined.  This  is  shown 
in  Fig.  1  and  the  table  for  J,  J,  3 
and  i-in.  wall  thicknesses.  Power- 
reflection-coefficient  curves  are 
shown  for  dielectric  constants  of  5 
and  6.’  This  difficulty  is  overcome 
by  using  a  microwave  ratiometer 
technique  that  uses  a  sweep  gener¬ 
ator  (Fig.  2).  The  X-Y  recorder  at 
the  output  of  the  ratiometer  re¬ 
cords  the  curves  of  Fig.  1  directly. 
Since  the  dielectric  constant  can  be 
determined  by  measuring  the 
height  of  one  of  the  peaks  of  these 
curves,  frequency  ambiguity  is 


eliminated  provided  that  the  dielec¬ 
tric  constant  itself  does  not  vary 
with  frequency.  Generally,  for  the 
dielectrics  used  in  radomes,  the  di¬ 
electric  constant  does  not  change 
throughout  the  microwave  region. 

The  output  of  the  ratiometer 
varies  with  the  power  reflection  co¬ 
efficient,  not  with  p,  which  was 
shown  to  be  equal  to  dielectric  con¬ 
stant  at  quarter-wave  frequencies. 
On  the  other  hand,  over  narrow 
ranges  of  p,  say  5  to  6,  the  relation¬ 
ship  between  p  and  power  reflection 
coefficient  is  nearly  linear.  There¬ 
fore,  if  two  standards  with  differ¬ 
ent  dielectric  constant  values 
are  used,  both  being  close  to  the 
unknown  dielectric  constants,  a 
scale  can  be  recorded  with  the  X-Y 
recorder,  and  subsequently  the  un¬ 
known  can  be  read  directly  from 
this  linear  scale.  For  routine  qual¬ 
ity  control  in  producing  the  same 
dielectric  materials,  two  standards 
are  sufficient.  If  the  instrument  is 
used  to  measure  a  series  of  samples 
with  widely  varying  dielectric  con- 
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stants,  a  correspondingrly  larsrer 
number  of  standards  is  required. 

The  ideal  sample  is  small  and  in¬ 
expensive.  For  correlation  it  is  also 
desirable  to  measure  the  same 
.samples  as  are  used  in  a  shorted- 
wave-guide  type  of  dielectrometer. 
However,  the  measurement  is  based 


on  the  assumption  that  the  sample 
is  an  infinite-plane  flat  sheet.  There¬ 
fore,  a  compromise  is  made.  This 
compromise  is  determined  experi¬ 
mentally.  These  experiments  show 
that  the  one-inch  circular  disks  in 
the  shorted-waveguide  dielectrom¬ 
eter,  when  placed  over  the  open  end 


of  a  1  X  i  in.  rectangular  wave¬ 
guide,  give  good  reproducibility  and 
correlation  with  the  shorted-wave¬ 
guide  instrument.  Samples  should 
either  be  very  small  or  very  large 
(6  in.  or  more),  intermediate  sizes 
being  the  worst  choice.  Samples 
should  have  smooth  surfaces  and 
constant  thickness. 

When  the  sample  is  placed  di¬ 
rectly  over  the  open  end  of  the 
waveguide,  the  open  end  becomes 
an  antenna,  the  sample  being  in  the 
near  field.  Measurement  was  in¬ 
sensitive  to  reflecting  objects  placed 
as  close  as  six  inches  from  the  an¬ 
tenna.  The  reason  is  that  with 
samples  of  a  dielectric  constant  of  5 
or  higher,  a  large  percentage  of  the 
energy  is  reflected  back  into  the 
waveguide,  especially  at  the  quar¬ 
ter-wave  frequency  and  its  odd  mul¬ 
tiples.  Also,  any  undesired  reflec¬ 
tion  from  surrounding  objects  is 
reflected  away  at  this  frequency. 

Figure  3A  shows  curves  recorded 
with  the  direct-reading  dielectrom¬ 
eter  for  four  materials. 

The  peaks  of  the  power-reflec¬ 
tion-coefficient  curves  follow  a  scale 
(similar  to  a  logarithmic  scale) 
that  is  the  relationship  between 
power  reflection  coefficient  and  p. 
It  would  be  impossible  to  read  this 
scale  to  more  than  two  significant 
figures.  For  quality  control  of  di¬ 
electric  constant,  at  least  three  sig¬ 
nificant  figures  are  required;  there¬ 
fore,  instrument  sensitivity  must 
be  increased.  When  this  is  done  the 
complete  curve  no  longer  fits  the 
recorder.  Therefore,  the  frequency 
.scale  is  reduced  to  consider  only  the 
peak  area.  Figure  3B  shows  the 
result  of  this  on  three  i-in.  speci- 
ments  of  Pyroceram  9606  with  die¬ 
lectric  constants  of  5.5,  5.6  and  5.7. 
This  scale  is  now  suitable  for  read¬ 
ing  directly  the  dielectric  constants 
of  one-half  inch  specimens  of  Pyro¬ 
ceram  9606.  The  experimental 
curves  are  not  as  smooth  as  the¬ 
oretical  curves.  When  the  sensitiv¬ 
ity  is  increased  the  curves  become 
even  rougher.  These  imperfections 
are  due  to  variations  of  antenna 
characteristics,  directional-coupler 
characteristics  and/or  detector  char¬ 
acteristics  with  frequency. 

There  are  several  remedies.  One 
is,  if  a  multiplicity  of  minor  peaks 
occurs  in  the  quarter-wave  region 
as  a  modulation  of  the  major  peak, 
to  use  the  highest  peak  as  the  read¬ 
ing.  Since  the  dielectric  constant 


FREOUEMCY  IN  GC 

FIG.  1 — Power  reflection  coefficient  for  a  plain  sheet  at  normal  incidence 


EFFECT  OF  DIELECTRIC  THICKNESS  ON  HG.  I’s  CURVES 
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FIG.  2 — Microwave  instrumentation  for  dielectric-constant  measurement 


(A)  (B) 

FIG.  S — Reflection-coefficient  curves  for  four  different  materials  (A). 
Increased-sensitivity  measurement  of  Pyroceram  (B) 
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changes  slightly,  the  highest  peak 
changes  the  most. 

Another  remedy  is  to  design  a 
better  antenna.  For  one-inch  disks, 
best  results  were  achieved  by 
sharpening  the  ends  of  the  open 
waveguide  Fig.  4A.  This  minimizes 
the  ground-plane  effect. 

A  third  remedy  is  to  increase  the 
sweep  speed  and  filter  out  the  modu¬ 
lating  peaks  with  a  large  capaci¬ 
tance  across  the  ratiometer  output. 
This  results  in  a  smoother  curve, 
but  accuracy  is  not  as  good. 

A  fourth  remedy  is  to  use  well- 
matched  directional  couplers  and 
detectors. 

In  applying  reflectometer  meas¬ 
urement  directly  to  radomes,  other 
complications  arise.  The  spot 
covered  by  the  waveguide  horn  ex¬ 
cites  a  trapped  wave  in  the  radome 
wall  that  moves  parallel  to  the  elec¬ 
tric  field  at  the  spot.  This  wave  cir¬ 
culates  around  the  radome  wall  and 
returns  to  the  spot  to  affect  the 
measurement;  therefore,  the  thick¬ 
ness  of  the  entire  radome  wall  and 
variations  of  this  thickness  enter 
into  the  measurements.  Thus, 
measurements  must  be  made  at  that 
stage  in  radome  production  when 
the  thickness  is  constant  or  nearly 
so.  Unfortunately,  at  this  stage  the 
radome  wall  is  likely  to  be  a  half¬ 
wave  instead  of  odd  multiple  of 
quarter  waves  in  the  frequency 
band  at  which  the  radome  is  to  be 
used.  Consequently,  it  is  necessary 
to  make  the  measurement  at  fre¬ 
quency  bands  immediately  below  or 
above  the  band  at  which  the  radome 
is  to  be  a  half-wave.  Due  to  lack  of 
instrumentation,  this  is  yet  to  be 
tried.  , 

In  radome  measurements,  the  an¬ 
tenna  horn  can  be  placed  into  inti¬ 
mate  contact  with  the  radome  wall 
or  at  a  fixed  distance  from  it.  If 
placed  in  contact  with  the  wall,  it 
is  important  to  have  good  coupling 
with  the  curved  surface.  This  was 
obtained  by  using  a  horn  with 
spring  fingers  as  show.n  in  Fig.  4B. 

Loss  tangent  will  affect  the  power 
reflection  coefficient  at  the  quarter- 
wave  frequency.  However,  if  it  is 
low  and  relatively  constant,  as  with 
ceramics,  its  effect  can  be  neglected 
in  the  quality-control  dielectric- 
constant  measurements  on  the  same 
material. 

The  microwave  reflectometer  can 
be  adapted  to  read  the  loss  tan¬ 
gent  directly.  This  is  done  by 


FIG.  i — Modified  ends  of  waveguide  (A).  Horn  with  spring  fingers  (B). 
Quarter-wave  peaks  of  power  transmission  coefficient  (C).  Adapter  used 
for  loss-tangent  measurements  (D) 


working  with  the  power  transmis¬ 
sion  coeificient  instead  of  the  power 
reflection  coefficient.  As  seen  in 
Fig.  4C,‘  the  peak  of  the  power 
transmission  curve  at  the  half-wave 
frequency  departs  linearly  from 
unity  as  a  function  of  loss  tangent. 
If  loss-tangent  standards  are  pro¬ 
vided  with  two  different  loss  tan¬ 
gents  near  the  unknowns  and  with 
approximately  the  same  dielectric 
constant,  the  loss  tangent  can  be 
read  directly.  For  manufacture  of 
microwave  absorbers,  it  is  expected 
that  this  feature  would  be  attrac¬ 
tive.  The  adapting  horns  permit¬ 
ting  this  measurement  with  the  re¬ 
flectometer  instrumentation  are 
shown  in  Fig.  4D. 

The  correlation  of  dielectric- 
constant  readings  with  the  shorted 
waveguide  dielectrometer  readings 
is  at  the  worst  about  ±0.05.  This 
can  be  improved  upon  by  providing 
samples  that  are  mechanically  per¬ 
fect.  Mechanical  imperfections  in 
the  samples  appear  to  have  con¬ 


siderably  more  effect  on  the  shorted 
waveguide  dielectrometer  readings 
than  on  the  reflectometer  readings. 

There  is  no  difficulty  in  reading 
dielectric  constant  values  to  three 
significant  figures  for  dielectric 
constants  about  six. 

Measurement  is  rapid  since  the 
sample  need  not  be  inserted  into  a 
waveguide  or  cavity  and  the  read¬ 
ing  is  direct,  requiring  no  compu¬ 
tation.  There  are  improvements 
that  would  still  further  improve 
the  usefulness  of  the  instrun\ent. 
A  better  antenna  or  means  of  coup¬ 
ling  to  a  small  .sample  could  be 
designated  to  eliminate  multiplicity 
of  peaks.  By  cooling  the  end  of  the 
waveguide  with  a  water  jacket,  the 
method  has  already  been  applied 
successfully  to  read  dielectric  con¬ 
stants  at  up  to  1,000  C. 

REFERENCE 

( 1 )  J.  A.  dIToro,  Report  No.  NADC-EL- 
.i313.  Graph*  of  Transmiaeion  and  Phase 
Data  of  Plane  Dielectric  Sheet*  for  Ra¬ 
dome  DeBign,  Bureau  of  Aeronautic*. 
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SOLID-STATE  PULSER 
DRIVES  CHEMICAL  PUMP 


Silicon-controlled  rectifiers  in  fiip-fiop  circuit  replace  thyratron 
power  supply  in  long-life,  high-reliability  apparatus  application 


iy  U.  L.  UPSON,  triggering  the  previously  off 

[anford  Laboratories,  General  Electric  Co..  Unit,  the  rectiher’s  anode  dropS 

lichiand.  Wash.  from  B+  to  nearly  zero  voltage, 

L  PULSE  GENERATOR  was  needed  to  producing  a  negative  spike  across 
Irive  a  solenoid  pump  in  a  gas  loop  the  commutating  capacitor.  This 
'or  long  periods  of  unattended  op-  drives  the  anode  of  the  previously 
‘ration.  The  pump  consists  of  two  conducting  unit  (already  nearly 
ilternately  energized  solenoids  zero)  to  a  negative  voltage,  ter- 
Iriving  a  sealed-in-glass  soft-iron  minating  conduction  in  that  unit. 
)iston  in  a  glass  cylinder.  Pulses  The  next  oscillator  pulse  reverses 
ip  to  5  amperes  were  needed  at  the  situation.  The  flip-flop  action 
rates  variable  from  li  to  25  cps.  thus  requires  two  trigger  pulses  a 
Previous  power  sources  used  thy-  cycle,  and  the  chemical  pump  fre- 
ratrons,  which  required  special  quency  is  half  the  oscillator  fre- 
:ime-delay  circuits  and  were  limited  quency. 

in  current  capacity’.  The  solid-  The  pulse  repetition  frequency  of 
state,  square-wave  pulse  generator  the  pulse  generator  is  controlled  by 
h&s  functioned  without  mainte-  the  unijunction  transistor  relaxa- 
nance  for  nearly  a  year,  operating  tion  oscillator’s  time  constant.  Ad- 
zontinuously  for  up  to  three  justment  of  frequency  can  be  made 
months.  by  varying  the  resistance  Rf  in  the 

The  generator  uses  a  modified  unijunction  transistor  emitter  lead 
parallel  inverter*,  with  a  variable  (fine  adjust)  and  by  switching  the 
d-c  power  supply  and  load-compen-  capacitances  in  the  emitter  to  base 
sating  circuit.  Tw'o  silicon-con-  1  loop  (coarse  adjust), 
trolled  rectifiers  are  coupled.  For  reliable  operation  of  this  cir- 
through  the  compensated  load  and  cuit,  the  resistance  should  not  ex- 

4-^fd  capacitor,  in  a  flip-flop  circuit  ceed  about  two  megohms ;  low  f  re¬ 
controlled  by  a  variable-frequency  quency  operation  therefore  requires 

relaxation  oscillator,  and  conduct  increased  capacitance  in  the  base  1 

alternately  to  energize  the  two  loop.  This  capacitance,  however, 

pump  coils.  This  is  shown  in  circuit  also  determines  the  base  1  pulse 

diagram.  width,  which  must  be  shorter  than 

When  the  relay  contacts  close,  a  the  commutating  pulse  width  or 

positive  transient  pulse  fires  Q,  the  unijunction  will  refire  the 

through  Cl  and  R„  establishing  the  switched-off  rectifier  and  stop  the 

conditions  for  self-commutating  op-  flip-flop  action, 

eration  of  the  rectifiers,  namely.  Commutating  pulse  amplitude  is 
one  on,  one  off.  Blocking  diode  proportional  to  the  impedance  of 

1N536  prevents  simultaneous  firing  each  rectifier  anode  to  B-I-,  and  for 

of  Qi.  purely  resistive  loads  it  may  be 

The  unijunction  relaxation  oscil-  necessary  to  add  inductance  to  the 
lator  Qi  delivers  10  to  50  ftsec  pulses  common  B-|-  leg  to  develop  an  ade- 
from  base  one  to  the  gates  of  the  quate  pulse. 

rectifiers,  firing  whichever  is  off.  For  a  net  inductive  load  no  added 


Gas  pump  consists  of  iron-cored 
piston  in  glass  cylinder,  driven 
alternately  by  two  solenoid* 


Readout  Counter  used 
in  Tape  Preparation  for 
Machine  Tool  Control 


A  Veeder-Root  Series  1538  Remote  Data  Readout  Counter 
provides  tape  feed  control  for  the  motorized  tape  punching 
unit  of  the  new  Potter  &  Johnston  Tape  Control  System. 
The  tape  punch  is  used  to  program  machine  functions  on 
P  &  J  Automatic  Turret  Lathes.  The  counter  automatically 
controls  the  amount  of  tape  feed  required  for  each  turret 
face  involved,  and  stops  the  tape  at  preselected  address 
points.  When  the  correct  address  p>oint  is  reached,  a  com¬ 
bination  of  holes  representing  the  machine  command  is 
punched  into  the  tape.  Counter  is  automatically  reset  for 
each  turret  face. 
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Servo  Repeaters 
Drive  Counters 
to  Indicate 
Lineal  Motion*  ~ 


Veeder-Root  Readout  Device 
This  is  the  basic  series  of  Remote  Data  Readout 
Counters.  Some  are  available  for  standard  applica¬ 
tions  or  design  variations  will  be  submitted  based 
on  requirements.  They  function  basicaUy  as  analog 
to  digital  converters.  ^  ^  . 


!  _ — J  I  One  of  the  ways  to  take 

i _ _ J  advantage  of  digital  read¬ 

out  for  indicating  and 
recording  information  at  remote  points  is  through  servo 
repeaters.  Applications  in  aircraft,  for  altimeters,  naviga¬ 
tional  displays  and  similar  instrumentation,  suggest  many 
other  opportunities  to  use  counters  for  more  positive  indi¬ 
cation  and  control.  A  typical  "system”  is  shown  here  where 
a  counter  is  used  for  indicating  nuclear  reactor  rod  posi¬ 
tion.  The  servo  repeater  and  counter  actually  form  one 

packaged  unit,  and  the  ^ _ .  _ _ _ 

whole  device  can  be  pot-  i  _ 

ted  for  environmental  pro-  |  - 

tection.  When  used  to  }  _ 

drive  counters,  the  servo  *^|f — iw  ”"1 
gear  ratio  is  best  selected  |  ***^ 

to  provide  full  scale  |  "•"i  ▼ 

travel  of  the  counter  [~^j  '  ^ - 

for  one  revolution  /Ogjl  7j^  L) 

of  the  control  lJ(C\ 

transformer  P' — ^  i— •A,— 

shaft.  \ - 


S«ri«t  1 53t/«l«ctrkal  r«Ml/ 
•l•ctrkotly  octugt«d.  $p««d 
1000  cpm,  3  or  5  flgwro 


S«rio«  153$/«Uctrkolly  octvotod/ 
momiol  rosot.  Spoo4 
1000  cpm,  3  or  5  Rgvro 


Sorks  1606/mocKankolly  octvotod  mofiwol 
rosof  tfondordj  bi-diroctioool  i 

(fiOfi'roMt)  ovoiloblo.  Spood 
5000  cpm,  up  to  5  Agwrot  ^ 


Typical  tprvo  rpp«oter/covnt«r  dpvicp  \  Output  shaft 

that  convprt*  synchro  data  to  digitol  roadovt.  counter 

Let  Veeder-Root  help  you  make  Counters  do  more! 
Extensive  design  experience  and  precision  production  tech¬ 
niques  make  it  possible  for  Veeder-Root  to  help  you  solve 
a  wide  variety  of  digital,  readout,  control  and  recording 
problems  with  counters  —  from  the  simplest  ratchet  to 
advanced  readout  and  navigational  devices.  Send  for  in¬ 
formation  on  specific  applications  or  contact  your  local 
Veeder-Root  Counting  Engineer. 
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at  2.5  amperes  (5-ampere  peak 
square  wave)  is  42  watts,  and  the 
nominal  time  constant  for  this  load 
and  a  4-;ifd  commutating  capacitor 
is  53  fisec. 

In  balancing  the  two  rectifier 
gates  to  insure  reliable  operation, 
the  gate  impedance  of  each  unit 
should  be  determined,  and  the 
blocking  diode  put  in  the  higher- 
impedance  output.  The  other  gate 
can  then  be  balanced,  as  well  as  iso¬ 
lated,  by  the  resistance  /?(,  neces¬ 
sary  to  give  current  division  to  the 
two  gates  proportional  to  the  re¬ 
quired  firing  currents,  as  deter¬ 
mined  by  test. 

Momentary-contact  start  and 
stop  switching  with  relay  holding 
was  used  to  insure  zero-current 
startup  on  closing  the  main  power 
switch,  to  protect  the  glass  pump. 
A  socket-head  screw  mechanical 
stop  on  the  variable  autotrans¬ 
former  dial  plate  limits  input  volt¬ 
age  to  about  50  volts,  and  insures 
surge  limiting  to  the  power  recti¬ 
fiers  on  startup. 

All  components  except  the  load 
coils  and  their  compensating  ele¬ 
ments  are  mounted  on  a  7-in.  by 
19-in.  relay-rack  panel.  The  silicon- 
controlled  rectifiers  are  capable  of 
higher  currents  than  demanded, 
but  the  present  power  level  is  more 
than  adequate  for  the  chemical 
pump  application. 

The  current  output  is  twice  that 
of  the  thyratron  circuit  it  sup¬ 
plants,  and  because  the  output  is 
switched  d-c  rather  than  switched 
a-c,  heating  in  the  coils  is  greatly 
reduced,  permitting  the  higher  cur¬ 
rent  capacity  to  be  utilized.  With 
slight  modifications  to  obtain  the 
desired  frequencies  and  to  compen¬ 
sate  for  load  changes,  the  circuit 
can  be  adapted  for  other  applica¬ 
tions  such  as  power  vibrators, 
ratchet  drive  mechanisms,  or  any 
devices  requiring  a  square-wave 
power  input. 

The  author  is  grateful  to  Roy 
True,  who  fabricated  this  device, 
and  who  assisted  substantially  in 
determining  correct  operating 
parameters. 
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Power  supply  unit  is  compactly  housed  in  standard  19-in.  instrument  rack. 
Controls  at  right  adjust  frequency,  variable  transformer  is  at  left 
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Schematic  diagram  shows  silicon -con  trolled  rectifiers  in  flip-flop  arrange¬ 
ment  triggered  by  unijunction  transistor  relaxation  oscillator 
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inductance  is  required,  but  to  pro¬ 
tect  the  controlled  rectifiers  from 
inductive  overvoltage,  reverse- 
biased  diodes  are  inserted  across 
the  loads.  The  width  of  the  com¬ 
mutating  pulse  is  determined  by  the 
value  of  the  commutating  capacitor 
and  the  resistance  across  it.  Both 
load  circuits  are  individually  fused 
for  safety. 

For  the  variable  inductance  loads 
presented  by  coils  with  a  moving 
armature  it  is  necessary  to  bypass 
each  load  coil  with  a  capacitor  to 
prevent  anode-triggering  of  the 
rectifiers  by  motion  of  the  mechani¬ 
cal  load.  An  S/tfd  oil-filled  capacitor 


was  found  to  provide  adequate  com¬ 
pensation  for  the  system,  giving  a 
net  inductive  pulse-producing  im¬ 
pedance  to  the  fast  switching  tran¬ 
sients  from  the  rectifiers,  but  ca¬ 
pacitive  to  the  mechanically  induced 
transients.  Since  these  capacitors 
also  shunt  the  loads  with  respect  to 
the  commutating  source,  resistances 
must  be  added  to  each  of  the  load 
circuits  to  broaden  the  commutat¬ 
ing  pulse  to  over  50  ^tsec.  These 
should  be  kept  as  low  as  possible  to 
minimize  PR  losses.  For  the  6.7- 
ohm  resistors  (three  20-ohm  20- 
watt  resistors  in  parallel),  the 
power  dissipation  for  each  resistor 
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Down  in  Lubbock,  Texas  he  hasn't  missed  a  shot  for  over  12,800  hoursi 

Every  time  he  pulls  the  trigger  the  sound  is  brought  faithfully  to  KDUB-TV  viewers  by  a  pair  of  Eimac 
4W20,000A  tubes.  According  to  KDUB’s  Chief  Engineer  Rudy  Starnes,  each  tube  has  more  than  12,800 
hours  in  aural  power  output  under  its  belt  and  is  still  going  strong!  At  the  same  station,  two  other  Eimac 
4W20,000A’s  have  each  delivered  over  8,000  hours  in  visual  service  and  are  still  going  great  guns!  Records 
to  shoot  for— but  typical  of  what  you  can  expect  from  Eimac ...  the  most  advanced  name  in  negative  grid 
tubes,  microwave  tubes,  amplifier  klystrons.  Eitel-McCullough,  Inc.,  San  Carlos,  California. 


Typical  Operation  Eimac  4W20,00OA.  The  water-cooled, 
ceramic  and  metal  4W20,000A  has  coaxial  tern)inal8  and  a  long¬ 
life  unipotential  thoriated  tungsten  cathode  heated  by  electron 
l>ombardment.  Its  maximum  plate  dissipation  rating  is  20kw. 
You’ll  also  find  it  ideal  for  use  in  radar  picket-ship  duty  deliver¬ 
ing  750kw  (^4  megawatt)  pulse  output. 
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RESEARCH  AND  DEVELOPMENT 


Cesium  Cell  Thermionic  Converter  Tested 


tions,  the  electrons  travel  from  the 
emitter  to  the  collector  without  col¬ 
liding  with  the  cesium. 

Output-characteristics  measure¬ 
ments  providing  fundamental  data 
necessary  for  the  design  of  oper¬ 
ational  power  conversion  equip¬ 
ment  have  been  made  as  a  func¬ 
tion  of  various  cell  parameters 
including  among  others  cathode 
material,  cathode  temperature,  in¬ 
ter-electrode  spacing,  cell  geometry, 
and  plasma  density. 

It  has  been  observed  that  the 
output  of  cesium  cells  under  cer¬ 
tain  operating  conditions  under¬ 
goes  strong  oscillations  due  to  the 
cell  generating  a  form  of  alternat¬ 
ing  current  in  addition  to  direct 
current.  A  pure  direct  current  re¬ 
sults  under  certain  ranges  of  cell 
operation,  but  under  other  ranges 
of  operation,  a  sizable  alternating 
current  signal  having  a  frequency 
of  100  kilocyles  is  obtained. 

Other  General  Atomic  efforts  in 
direct  conversion  research  includes 
work  with  a  new  class  of  high-tem¬ 
perature  semiconductor  materials 
including  thorium  sulfide  (a  p-type 
semiconductor)  and  cerium  sulfide 
(an  n-type  semiconductor).  These 
materials  are  able  to  withstand 
much  higher  temperatures  than 
conventional  semiconductor  mate¬ 
rials  such  as  geranium  and  silicon. 
Such  materials  when  exposed  to 
high  heat  show  good  thermoelectric 


CESIUM  CEIL 


Cesium  cell  converter  unit  (left)  and  location  of  converter  in  reactor 
when  positioned  for  power  production  (right) 


verier  to  increase  electrical  output 
and  efficiency. 

Conversion  of  fission  heat  to  elec¬ 
trical  energy  as  measured  at  a  bus 
bar  outside  the  reactor  showed 
overall  efficiencies  as  high  as  10 
percent  at  an  operating  tempera¬ 
ture  of  about  3500°  F. 

The  90  watts  output  was  pro¬ 
duced  at  a  power  density  of  21 
watts  per  square  centimeter  in  the 
external  load. 

The  uranium  used  in  the  thermi¬ 
onic  emitter  was  fully  enriched 
U-235.  General  Atomic  constructed 
the  emitter  using  a  carbide  fabrica¬ 
tion  technique. 

A  metal  vapor,  typically  cesium, 
greatly  enhances  the  direct  con¬ 
version  process  in  three  ways:  (1) 
the  vapwr  steps  up  the  rate  at 
which  the  electrons  boil  out  of  the 
emitter,  (2)  it  reduces  the  energy 
loss  at  the  cold  surface  of  the  col¬ 
lector,  and  (3)  most  important 
of  all,  it  becomes  an  ionized  gas,  or 
plasma,  to  cause  the  electron  cur¬ 
rent  to  pass  more  readily  through 
the  region  between  the  emitter  and 
collector.  Calculations  show  that  in 
a  large  range  of  operating  condi¬ 


NINETY  WATTS  of  electric  power 
produced  directly  from  the  heat  of 
nuclear  fission.  This  was  the  result 
of  a  series  of  reactor  operating 
tests  using  the  TRIGA  reactor  at 
the  General  Atomic  Division  of 
General  Dynamics  Corporation, 
San  Diego,  California. 

The  tests  centered  about  a 
cesium  cell  converter  containing  a 
nuclear  fuel  element  made  of 
uranium  carbide  and  zirconium  car¬ 
bide.  The  nuclear  fuel  element  is 
called  the  thermionic-emitter  ele¬ 
ment,  or  simply  the  emitter.  When 
the  cesium  cell  is  placed  in  the 
reactor,  heat  from  the  fissioning 
of  the  uranium  causes  electrons  to 
be  boiled  out  of  the  emitter.  An 
electric  current  collector  surround¬ 
ing  the  emitter  collects  the  elec¬ 
trons  and  passes  them  on  to  two 
heavy  electrical  conductors  con¬ 
nected  to  an  instrumented  load  at 
the  top  of  the  TRIGA  reactor  pool. 

Over  12  test  cycles  totalling  sev¬ 
eral  hours  of  operation  at  tem¬ 
peratures  ranging  from  room  tem¬ 
perature  to  incandescence  were 
conducted.  No  attempt  was  made  to 
use  the  waste  heat  from  the  con- 


Twelve-foot  aluminum  tube  holding 
cesium  cell  is  lowered  into  reactor 
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Link  Division  of  General  Precision,  Inc.  specified  ITT  capacitors  for  this 
vital  portion  of  its  Tracer  Identification  and  Control  System,  which  de¬ 
mands  utmost  reliability  and  long  life  expectancy  from  every  component. 


TOTAL  PROCESS  CONTROL  AND  DISCIPLINED  PRODUCTION  DELIVER 

HIGH-RELIABILITY  WET-ANODE 
TANTALUM  CAPACITORS  FROM  ITT 


ITT  wet-anode  tantalum  capacitors  meet  MIL-C-3965B— a  fact  proved  by  independent 
laboratory  qualifications  tests  on  ITT  capacitors.  The  reliability  and  long  life  expectancy 
of  these  competitively-priced  capacitors  are  direct  results  of  ITT’s  total  process  control  and 
disciplined  production  procedures,  above  and  beyond  testing  standards  more  stringent  than 
normal  industry  practice— and  backed  by  ITT’s  world- wide  facilities  and  experience. 
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Phene  these  ITT-CD  Capaciter  Sales  Offices: 


AlbaeMrque . AXt-B013 

Batten  . CA  T-29S0 

Cllicnq  . SP  7-2290 

Cleviland  . . . CB  5-3080 

Dallas . EM  1-1789 

Daytan'  . BA  t-9493 

Denver  . KE  4-50B1 

Detrait  . TO  B-3322 

Fart  Wayne  . HA  0841 

Kansas  City  . JE  1-9238 


lasAnfalas  . HI  8-8329 

Miami  . Ml  4-331 1 

Minneapalit  ....WE  8-0497 

HewVark  . 10  9-1820 

Philaielpliia . TH  8-3737 

Pkaanii  . WH  9-2471 

Bachaster  . FI  2-1413 

San  Francisca  . . . .LY  1-7321 

Seattta  . MA  2-9433 

St.  Louis  . EV  2-3900 


IN  STOCK  AT  ITT  DISTRIBUTORS: 

•  TWO  TYPES— M-Type  and  P-Type,  for  applications  from  —55  to 
85  and  125  C.  respectively 

•  29  VALUES— from  1.75  to  330  mfds  over  a  working  voltage  range 
to  125  VIX;  and  maximum  surge  voltages  to  140  VDC 

•  COMPACT  AND  RUGGED— sintered  tantalum  slug  in  fine-silver  cases 
for  2000-hour  life  at  mayumum  temperature  and  working  voltage 

•  GUARANTEED— to  80,000  ft.  £uid  accelerations  of  20  G’s  with  a 
0.1  in.  excursion  in  50-2000  cps  range 

•  LONG  STORAGE  LIFE— tantalum-oxide  dielectric  is  completely 
stable;  assures  trouble-free  operation 

COMPLETE  SPECIFICATIONS  ON  IH  wet-  and  solid-anode 

tantalum  capacitors  are  available  on  request.  Write  cm  your 

letterhead,  please,  to  the  address  below. 

ENGINEERS:  Your  ITT  representative  luis  a  complete  set 

of  qualifications  and  quality  control  tests  for  your  inspection. 


Sequential  marking,  available  only  on  Hickory  Brand 
Coaxial  Cable,  lets  you  accurately  measure  the  footage 
you  need,  the  footage  you  use  and  the  footage  you  have 
left . . .  and  guarantees  the  footage  you  get!  Saves  time 
and  cable! 

Every  two  feet,  numbers  are  permanently  stamped  in 
sequence  on  Hickory  Brand  Coaxial  Cable  . . .  means  better 
inventory  control,  eliminates  waste  in  estimating  installa¬ 
tion  requirements. 

The  conductor  insulation  and  dielectric  material  used  on 
Hickory  Brand  RF  Cables  is  polyethylene,  making  these 
cables  especially  adaptable  to  applications  requiring  high, 
very  high  and  ultra-high  frequencies. 

For  economy  and  efficiency,  order  Hickory  Brand! 


Write  for  complete  information 
on  the  full  line  of 


Electronic  Wires  and  Cables 

Manufactured  by 

SUPERIOR  CABLE  CORPORATION,  Hickory,  North  Carolina 


properties  (conversion  of  heat  to 
electricity).  It  may  not  be  desir¬ 
able  to  use  thermoelectric  materials 
within  a  reactor  as  is  the  case 
with  a  thermionic  cell  such  as  the 
cesium  cell.  However,  design  stud¬ 
ies  show  that  nuclear  power  may  be 
coupled  to  thermoelectric  genera¬ 
tors  by  heat-transport  fluids  that 
can  be  flowed  by  natural  convection 
or  by  electric-magnetic  pumps.  It 
is  hoped  that  efficient,  compact,  and 
lightweight  power  plants  can 
thereby  be  realized. 

It  may  be  possible  to  cascade — or 
couple  in  successive  temperature 
ranges — two  or  more  types  of 
direct  conversion  devices.  Thus,  a 
cesium  cell  thermionic  cell  could  be 
cascaded  with  semiconductor  de¬ 
vices  to  increase  the  over-all  effi¬ 
ciency  of  conversion. 

The  reactor  tests  are  only  the 
first  step  in  a  series  of  experiments 
aimed  at  obtaining  a  nuclear-ther¬ 
mionic  reactor  system  for  both 
space  and  land-based  power  appli¬ 
cations.  One  significant  indication 
of  the  tests  is  that  the  cesium 
cell  converter  appears  to  be  capable 
of  further  increases  in  efficiency 
when  its  dimensions  and  tempera¬ 
tures  are  optimized — it  has  the 
capability  for  ultra-high  tempera¬ 
ture  operation.  The  entire  cell 
assembly  was  housed  in  an  alumi¬ 
num  cladding  tube  identical  to  that 
normally  housing  a  regular  General 
Atomic  TRIGA  research  reactor 
fuel  element. 

The  tests  were  part  of  General 
Atomic's  research  and  development 
program  in  direct  conversion  which 
is  being  supported  by  the  Rocky 
Mountain-Pacific  Nuclear  Research 
Group  composed  of  eight  western 
utility  companies  and  by  the  San 
Diego  Gas  &  Electric  Company. 


Acoustical  Data  Analyzer 

SONIC  test  data  on  a  new  jet  engine 
were  recently  processed  in  seven 
hours,  whereas  previously  it  took 
more  than  one  week.  The  time- 
saver  is  the  Acoustical  Data  An¬ 
alyzer  developed  by  the  Wichita 
(Kansas)  Division  of  the  Boeing 
Airplane  Company. 

Microphones  were  attached  at  60 
positions  on  the  wings  and  fuse¬ 
lage.  At  various  engine  speeds,  720 
readings  were  made  and  recorded 
on  magnetic  tape,  which  later  was 
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electronics 


Will  he  make  the  right  choice 
and  find  True  Happiness? 


cut  into  15  loops.  After  receiving 
the  15  loops,  the  analyzer  delivered 
data  on  approximately  900  punched 
cards  for  an  IBM  709  computer  to 
obtain  a  printed  readout  of  data 
in  11  columns. 

The  analyzer  uses  frequency  fil¬ 
ters  to  divide  sound  from  the  tape 
recording  into  eight  separate  octave 
bands  with  a  range  of  20  to  20,000 
cycles  a  second.  Signals  from  the 
tape  are  changed  into  the  decimal 
vplne  of  their  effective  voltage  lev¬ 
els  by  comparison  with  a  calibrated 
reference  level  artificially  created 
by  the  analyzer.  A  card  punch 
records  the  difference  and  gives 
channel  number,  computed  sound 
intensity,  octave  number,  and  mi¬ 
crophone  attenuator  correction. 

Focusing  Crystals 

FOR  X-RAYS 

DIFFRACTION  focusing'  of  x-rays 
may  be  done  more  efficiently  and 
precisely  because  of  new,  simple 
die-forming  techniques  for  obtain¬ 
ing  focusing  crystals. 

Diffraction  focusing  is  obtained 
from  the  atom  planes  of  a  single 
crystal  deformed  so  as  to  form  con¬ 
centric  atomic  arrays.  These  arrays 
have  a  predetermined  optical  radii 
to  suit  the  particular  geometry  of 
the  diffraction  apparatus.  Addi¬ 
tional  forming  of  the  crystal  is 
necessary  to  obtain  the  bulk  geom¬ 
etry  needed  for  efficient  and  precise 
focusing  needed  for  x-rays. 

The  Aeronautical  Research  Labo¬ 
ratory  at  Wright-Patterson  Air 
Force  Base,  Ohio,  has  applied  plas¬ 
tic  deformation  in  two  different 
ways  to  single  crystals  of  tilhium 
fluoride  to  obtain  deformation 
arrays  with  the  necessary  radii. 
The  thickness  of  the  resulting  crys¬ 
tals  was  sufficient  to  permit  addi¬ 
tional  precision  bulk  shaping  by 
grinding.  One  method  involved 
room  temperature  plastic  deforma¬ 
tion  of  crystals  2.5  mm  and  under. 
This  produced  microscopic  slip 
arrays  that  yield  crystal-plane  cur¬ 
vature  with  an  incremental  approxi¬ 
mation  of  optical  curvature.  The 
second  method  uses  high-tempera¬ 
ture  creep  to  die-form  crystals  of 
one  centimeter  thickness.  Com¬ 
pound  curvatures  of  planes  by  the 
mechanism  of  creep  are  a  product 
of  slip  and  the  creation  of  a  mosaic 
of  microstructural  elements. 


With  enough  expertly  'programmed* 
and  ingeniously  dispensed  training  by  a 
machine,  even  monkeys  can  be  taught  all 
sorts  of  marvelous  things.  (There  are 
those  vrho  say  that  for  the  rewards  illus¬ 
trated,  even  a  monkey  would  know 
enough  not  to  pick  the  Sigma  relay.  At 
times  we  too  wonder  if  some  of  our  cus¬ 
tomers  wouldn’t  have  been  better  off  if 
they’d  chosen  a  banana  instead  of  one  of 
our  relays.)  At  any  rate,  we  salute  the 
hard-working  souls  who  try  to  get  other 
people  to  think;  if  their  'teaching  ma¬ 
chines*  lack  human  fervor  and  originali¬ 
ty,  as  some  say,  perhaps  the  critics 
are  confusing  the  methods  with  the 
accomplishments. 

Continuing  our  discussion  of  Sigma  re¬ 
lays  vs.  bananas  (we’ve  decided  that  they're 
our  real  competitive  threat,  not  transis¬ 
tors),  it  is  the  Application  that  decides 
all.  We  can’t  hold  a  candle  to  their  en¬ 
closure,  and  while  heat  improves  them  up 
to  a  point  it’s  apt  to  make  relays  dry  up 
and  get  lethargic  instead  of  just  squishy. 
What  hurts  the  most,  though,  is  that  if  a 
banana  doesn’t  work  in  the  application 
you  had  in  mind,  you  can  always  eat 
it;  in  20  years,  we’ve  never  been  able 


to  offer  customers  that  consolation. 

There’s  a  ray  of  hope  for  relays,  however, 
from  one  quarter  where  slide  projectors, 
electric  shocks,  peanut  butter  and  other 
assorted  elements  are  being  used  in  teach¬ 
ing  machines.  In  one  device  relays  and 
photocells  'read*  the  student’s  answer 
to  a  slide-projected  question,  via  selected 
light  beams  passing  through  holes  in  the 
edge  of  the  slide.  This  particular  pro¬ 
grammer  uses  twelve  Sigma  Series  1 1  re¬ 
lays,  noted  for  their  compatibility  with 
both  monkeys  and  people.  The  machine 
can  handle  up  to  4096  different  questions 
(l2  relays  x  2  positions  2 >3),  and  its 
output  from  the  relays’  contacts  can  run 
a  congratulatory  or  reprimanding  indica¬ 
tor,  reward  dispenser  or  some  other  elec¬ 
trically-actuated  device.To  the 'student' 
using  the  machine,  the  (iruitsofhis  labors 
may  be  either  literal  or  figurative,  de¬ 
pending  on  what’s  connected  to  the  ma¬ 
chine.  'Iliis,  in  turn,  is  usually  determined 
by  whether  the  student  is  a  smart  mon¬ 
key  or  just  a  human  being.  Another  good 
feature  is  that  the  inventor*  is  Sigma’s 
Sales  Manager’s  cousin’s  husband,  which 
assures  us  a  certain  degree  of  customer 
sympathy  and  prompt  payment  of  account 


Thii  educationally-oriented  advertisement  it  one  in  a  series 
of  public-spirited  messages  from  Sigma,  wholeheartedly  de¬ 
voted  to  fostering  greater  awareness  among  relay  users.  For 
those  not  yet  ready  to  buy.  Sigma  once  again  offers  a  small 
remembrance  gift  If  you've  got  36^,  tend  it  to  Sigma’s  Ad¬ 
vertising  Manager  today,  for  your  Big  Application  Boon  of 
Oblige  Noblesse  (address  "BABOON  Branch").  Quantities 
limited  by  our  patience;  act  now. 


*Davis  Scientific  Instruments,  13137  Cantura  St,  Studio  City,  California 


SIGMA  INSTRUMENTS,  INC. 


62  Pearl  Street,  So.  Braintree  85,  Mass. 

Aa  Affiliate  of  The  fitber-Pieree  Ce.  (since  19391 
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COMPONENTS  AND  MATERIALS 


Special  Tubes  for  Nanosecond  Display 


vidually  stored  or  delayed,  and  dis¬ 
played  on  a  standard  crt  or  storage 
tube  a  series  of  beam  positions  dis¬ 
placed  on  the  vertical  axis  in  accord¬ 
ance  with  pulse  height  information, 
while  scanned  in  the  horizontal  di¬ 
rection  at  a  rate  proportional  to 
the  standard  sampling  increments. 
Single  pulses,  or  succeeding  incre¬ 
ments  in  each  of  a  train  of  repeti¬ 
tive  pulses  may  be  sampled  by  this 
technique. 

A  method  of  increasing  the  de¬ 
flection  system  bandwidth,  appro¬ 
priate  for  pulse  height  analysis 
with  single  scan  direction,  would 
employ  a  single  narrow  pair  of 
deflection  plates  for  high-frequency 
response  and  electro-static  or  mag¬ 
netic  scan  expansion  to  maintain 
deflection  sensitivity.  Several  meth¬ 
ods  resulting  in  considerable  scan 
expansion  have  resulted  in  spot 
elongation  in  the  direction  of  scan. 
However,  the  extremes  of  scan  in¬ 
cluding  spot  elongation,  is  propor¬ 
tional  to  the  scanning  voltage. 
Therefore  the  scan  extremes  can  be 
used  for  pulse  height  analysis. 

Various  approaches  available  for 
increasing  writing  rates  for  faster 
pulse  storage  include  use  of  denser 
electron  beams,  choice  and  process¬ 
ing  of  target  materials,  and  use  of 
optimum  accelerating  potential  to 
increase  the  secondary  emission  ra¬ 
tio  of  target  materials.  To  further 
increase  writing  speed,  signal  in- 
tensiflcation  methods  including  cas¬ 
caded  phosphor  and  photo-emissive 
layers  or  the  use  of  thin-film  dy- 
nodes  can  be  employed.  These  de¬ 
vices,  incorporated  into  the  designs 
of  experimental  tubes,  have  yielded 
electron  gains  exceeding  ten  per 
stage.  The  loss  in  resolution  is 
small  through  properly  designed 
electron  ampliflers. 

A  tube  for  storing  nanosecond 
pulses  for  subsequent  display  at 
slow  scan  rates,  may  be  seen  in  Fig. 
2A. 

A  double  ended  scan  conversion 
tube  permitting  simultaneous  write 
and  slow  scan  read,  utilizing  the 
same  philosophy,  may  be  seen  in 
Fig.  2B. 

An  electron  amplifler  preceding 


By  JOSEPH  BURNS,  Manager, 

Cathode-Ray  Tube  Engineering, 
Allen  B.  Du  Mont  Laboratories,  Inc, 
Clifton,  N.  J. 
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Several  special  purpose  tubes 
permit  pulse  height  analysis  where 
the  pulse  separation  is  in  the  order 
of  fiseca.  These  tubes  use  one  set 
of  deflection  plates  for  scanning  an 
electron  beam  across  a  ladder  of 
electron  multipliers,  and  another 
set  of  plates  for  centering  the  beam 
on  the  ladder. 

A  tube  of  this  type  is  the  K  1159, 
a  magnetic-focus,  electrostatic-de¬ 
flection,  beam-deflection  tube, 
shown  in  Fig  1,  Here,  the  target 
contains  a  ladder  of  ten  dynode-col- 
lector  assemblies.  The  collectors  are 
individually  shielded  to  prevent 
inter-modulation  of  output  signals. 
The  capacitance  between  each  col¬ 
lector  and  all  other  electrodes  is 
nominally  1.5  pf.  A  collector  cur¬ 
rent  of  approximately  300  >ia  per¬ 
mits  use  of  small  load  resistors 
feeding  into  cathode  followers,  re¬ 
sulting  in  a  small-time  constant  for 
short  rise  and  fall  times.  The  volt¬ 
age  required  for  deflecting  the  beam 
across  the  entire  ladder  is  35  volts. 
The  frequency  response  of  the  de¬ 
flection  structure  permits  analysis 
of  megacycle  information. 

More  recent  tubes,  like  the  K 
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FIG.  2 — Tube  constructions  pro¬ 
posed  for  storing  nanosecond  pulses 
for  subsequent  display  at  slow  scan 
rates  (A);  and  for  double  ended 
scan  conversion  (B) 


1849,  having  'a.  row  of  fine  wires 
sealed  along  a  scan  direction,  afford 
finer  voltage  height  increments  for 
pulse  height  analysis. 

An  improved  design,  for  nano¬ 
second  display  use,  would  include 
higher  beam  spot  density,  increased 
conductor  area  incident  to  the  beam, 
secondary  emission  amplification, 
higher  deflection  sensibility,  in¬ 
creased  deflection  system  band 
width,  and  reduction  of  plate  capac¬ 
itance  and  plate  lead  inductance  to 
increase  the  plate  ringing  fre¬ 
quency. 

These  tubes  can  be  designed  with 
distributed  deflectors  to  afford  suffi¬ 
cient  bandwidth  to  analyze  pulse 
height  information  of  nanosecond 
pulses. 

The  individual  pulse  can  be  sam¬ 
pled  at  standard  increments,  indi- 


PULSE 
IN  - 


OUTPUT  TOi 
CHANNEL 
AMPLIFIER 


■ADJUSTABLE 
FOCUS  COIL 


-  750 
VOLTS 
BIAS 


FIG.  1 — Schematic  of  K  1159  beam 
deflection  tube  circuit 


...  by  turning  FIRST  to  BUSS  for 

fuses  of  unquestioned  high  quality 


By  relying  on  BUSS  as  your 
source  for  fuses,  you  can  quickly 
and  easily  find  the  type  and  size 
fuse  you  need.  The  complete  BUSS 
line  of  fuses  includes:  dual-element 
“slow-blowing”,  single-element 
“quick-acting”  and  signal  or  visual 
indicating  types  ...  in  sizes  from 
1  500  amp.  up  —  plus  a  companion 
line  of  fuse  clips,  blocks  and  holders. 

BUSS  fuses  are  made  to  protect 
—  not  to  blow  needlessly 

When  you  specify  BUSS  fuses  — 
users  of  your  equipment  receive 
maximum  protection  against  dam* 


age  due  to  electrical  faults.  And 
just  as  important,  users  are  safe¬ 
guarded  against  irritating,  useless 
shutdowns  caused  by  faulty  fuses 
blowing  needlessly. 

A  component  part  that  operates 
as  intended  helps  to  maintain  the 
reputation  of  your  equipment  for 
quality  and  service.  That’s  why  it 
pays  to  rely  on  dependable  BUSS 
fuses. 

If  you  should  hove  o  special 
problem  In  electrical  protection 

. . .  the  world’s  largest  fuse  research 


laboratory  and  its  staff  of  engineers 
are  at  your  service  —  backed  by 
over  46  years  of  experience.  When¬ 
ever  possible,  the  fuse  selected  will 
be  available  in  local  wholesalers’ 
stocks,  so  that  your  device  can  be 
easily  serviced. 

For  more  information  on  BUSS 
and  Fusetron  small  dimension  fuses 
and  fuseholders  .  .  .  Write  for 
bulletin  SFB. 

BUSSMANN  MFO.  DIVISION, 
McGraw-lditoit  Co. 

University  at  Jafferton,  St.  Louis  7,  Mo. 

IMS 


BUSS  fuses  are  made  to  protect  -  not  to  blow,  needlessly. 

BUSS  mokes  a  complete  line  of  fuses  for  home,  farm,  commercial, 
electronic,  electrical,  automotive  and  industrial  use 
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the  photo-conductive  target  will  in¬ 
crease  the  writing  speed  by  a  fac¬ 
tor  of  ten.  This  will  improve  the 
ratio  of  output  signal  to  noise  since 
the  electron  multiplier  in  the  col¬ 
lector  output  is  ineffective  in  am¬ 
plifying  weak  target  signals  ob¬ 
scured  by  noise  in  the  read  beam. 

The  output  of  this  tube  can  be 
obtained  across  a  load  resistor  in 
either  the  transparent  conductive 
layer  or  collector  circuit.  Collector 
circuit  output  may  be  preferred  for 
multiplier  amplication.  For  si¬ 
multaneous  write  and  read,  video 
cancellation  of  the  write  signal  can 
be  effected  by  uniting  the  outputs. 

Cathode-ray  tubes  designed  for 
displaying  nanosecond  transients 
must  have  a  minimum  of  3  KMc 
deflection  system  bandwidth  for 
good  fidelity,  and  writing  speeds 
beyond  10  cm  per  nanosecond.  The 
transit  time  through  the  signal  de¬ 
flection  plates  must  be  small  com¬ 
pared  with  the  rate  of  change  of  the 
signal  phase  to  prevent  distortion 
of  the  displayed  signal.  This  re¬ 
quired  use  of  a  single  pair  of  short 
deflectors  or  distributed  deflectors 
in  which  the  signal  keeps  pace  with 
the  electron  beam.  Increased 
deflection  sensitivity,  without  a  re¬ 
duction  in  deflection  system  band¬ 
width,  is  accomplished  with  distrib¬ 
uted  deflectors  wherein  repeated 
deflections  are  created  by  multiple 
plate  sections,  each  equivalent  in 
length  to  the  single  deflection  plate 
pair.  Two  drawbacks  of  the  dis¬ 
tributed  deflectors  are  reduction  in 
scan  and  increased  capacity.  The 
latter  is  particularly  objectionable 
at  kilomegacycle  frequencies. 

To  obtain  high  wTiting  rates, 
assuming  fixed  phosphor  efficiency 
and  film  speed,  it  is  necessary  that 
the  electron  beam  current  density 
and  accelerating  potential  are  high. 
To  obtain  a  small,  high  current 
density  spot  size  for  high  deflection 
sensibility,  expressed  in  volts  per 
trace  width,  the  beam  diameter 
leaving  the  electron  gun  must  be 
large.  These  requirements  are  con¬ 
trary  to  conditions  necessary  for 
achieving  high  deflection  sensitiv¬ 
ity  and  scan. 

Several  approaches  are  proposed 
for  inclusion  in  a  cathode-ray  tube 
having  extremely  high  bandwidth 
and  WTiting  speed: 

Decrease  in  length  of  the  dis¬ 
tributed  deflectors  for  feasibility 


A  good  day’s  growth  for  a  hard 
day’s  work. 

A  position  to  suit  your  talents, 
experience  and  ambition. 

Opportunity  to  exercise  full 
initiative  in  Research, 
Radar,  Doppler  Naviga¬ 
tional  Systems,  Magnetic 
Memory  Systems,  Micro- 
wave  and  Computers. 


PLUS 

Management  awareness  encouraging  exploration  beyond  the 
range  of  present  knowledge. 

APPOINTMENTS  NOW  AVAILABLE; 


SENIOR  ENGINEER 

Air  Traffic  Controi  Systems 

Experienced  in  problems  involving  the  relation  of  overall 
ground-air  environment  to  such  elements  as  Navigation, 
Data  Acquisition,  Processing  and  Display. 


SENIOR  ENGINEER 

Radar  Systems  &  Techniques 

Thoroughly  grounded  in  existing  systems,  philosophies  and 
techniques.  To  study,  design  and  plan  advanced  programs 
for  varied  applications. 


SENIOR  ENGINEER 

Airborne  Electronic  Weapon  Systems 

Experienced  in  existing  systems  and  requirements.  To  plan 
the  optimum  integration  of  such  various  subsystems  as  radar, 
navigation,  central  data  computers,  communications,  etc. 


For  a  confidential  discussion,  please  write:  C.  E.  Fitzgerald 


Laboratory  For  Electronics 
1079  Commonw'ealth  Avenue 
Boston  15,  Massachusetts 
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of  construction  and  assembly,  will 
reduce  capacitance  and  increase 
scan.  Short,  straight  plate  leads  fed 
directly  out  the  tube  neck  will  hold 
series  inductance  to  a  minimum. 

One  or  more  electron  amplifier 
stages  can  be  employed  for  higher 
writing  current.  The  initial  elec¬ 
tron  energies  of  exit  electrons 
should  be  small  to  prevent  degrada¬ 
tion  of  line  wddth. 

Use  of  a  post  accelerator  to  per¬ 
mit  high  screen  voltage  for 
increased  writing  .speed  without 
loss  of  scan  or  deflection  sensitiv¬ 
ity  will  permit  use  of  a  lower  ac¬ 
celerating  potential  on  the  electron 
gun  for  higher  deflection  sensitiv¬ 
ity,  without  deflection  distortion 
introduced  by  a  high  ratio  of  post¬ 
accelerator  to  accelerator  voltages. 
The  concept  of  a  mesh  post  ac¬ 
celerator  is  not  new  to  cathode-ray 
tubes,  and  is  used  extensively  in 
direct  view  storage  tubes. 

Problems  still  associated  with 
mesh  post  accelerators  include 
ghosts  due  to  secondary  electrons. 
These  can  be  collected  by  means  of 
mesh  closely  spaced  to  the  accelera¬ 
tor  me.sh,  located  at  a  point  further 
from  the  screen  and  operated  at  a 
slightly  higher  potential  than  the 
post  accelerator  mesh. 


New!  ETC  Type  31SBP-- 
for  transistorized  scopes. 
Designed  and  produced  by 
ETC  to  MIL-E-ID  specifi¬ 
cations,  this  3^"  by  2%*' 
flat  face  tube  combines  very 
low  deflection  factors  with 
excellent  light  output  at 
modest  voltages.  Length  is 
only  13 A  linear  post 
accelerator  and  geometry 
adjust  electrode  minimize 
pattern  distortion. 


BtlltCtitI  FKton: 
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Soviets  Push 
Glass  Insulators 


Pacing  i^reiids 

IN  CATHODE  RAY  TUBE  DESIGN 

...since  1937 


VIENNA,  AUSTRIA — MECHANIZATION 
and  automation  meet  with  difficul¬ 
ties  in  the  manufacture  of  porce¬ 
lain  insulators.  The  Soviet  Union 
has  therefore  devoted  much  atten¬ 
tion  to  the  development  of  a  glass 
suitable  for  this  purpose.  Experi¬ 
mental  w’ork  with  low  alkali  glass 
insulators  have  been  in  progress 
since  1953,  when  the  Soviet  Glass 
Research  Institute  developed  a 
suitable  type  of  glass  metal  referred 
to  as  “13v'’.  The  composition  is 
SiO.,  63.5%;  AbO,  15.5%;  C.O, 
13%;  Mg  0,  4%;  FI,  2%;  Na.O, 
2%. 

Last  year  large-scale  manufac¬ 
ture  of  low-alkali  glass  insulators 
was  introduced  in  the  Jarvakand 
Glass  Works  (E.stonian  SSR),  and 
recently  a  flow  line  for  this  produc¬ 
tion  has  been  designed.  This  will 
reduce  manufacturing  costs  to  such 
an  extent  that  glass  insulators  will 
be  far  cheaper  than  porcelain  ones. 


Over  50  standard  types . . .  many 
specials  . . .  produced  for  oscilloscopes 
and  critical  display  instrumentation.  1  to 
10  guns;  square,  round,  or  rectangular 
faces;  high  resoluticm;  spiral  band  for 
radar,  fire  control,  coimter-measures, 
guidance — where  quality  control  coimts 
most.  Submit  your  application  details 
for  an  engineering  review. 
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PRODUCTION  TECHNIQUES 


Wet  Process  Stacks  Laminations  Faster 


By  R.  B.  WOODWARD, 

Chief  Manufacturing  Engineer, 
Assembly  Department, 

Missile  Systems  Division, 

Raytheon  Co.,  N.  Andover,  Mass. 

STACKING  AND  BONDING  laminations 
by  a  mechanized  wet  stacking 
process  has  stepped  up  quality  and 
production  rates  on  motor  rotors 
and  stators  for  gyros  and  other 
small  instruments  used  in  missiles. 

The  new  routine  is  straightfor¬ 
ward,  compared  to  the  painstaking 
process  formerly  employed.  A  pre¬ 


determined  number  of  laminations 
for  a  complete  stack  is  loaded  onto 
a  bullet-nosed  mandrel.  The  man¬ 
drel  is  placed  in  a  revolving  turret, 
which  dips  the  stack  into  bonding 
resin.  After  dipping,  the  mandrel 
is  unloaded  into  a  holding  fixture 
and  the  stack  compressed  to  its 
finished  thickness.  Surplus  resin  is 
washed  off  and  the  stack  goes  into 
a  curing  oven.  The  fixture  is 
automatically  released  at  the  start¬ 
ing  point. 

The  machine  turns  out  more  than 


Fixtures  pass  through  oven  and  re¬ 
turn  to  operator's  table  for  un¬ 
loading 


Operator  at  left  inserts  mandrel  into  laminations  held  in  spacer  block.  At 
right,  mandrel  is  removed  from  turret  after  laminations  are  coated 


Fixture  containing  cured  stack 
drops  from  chain  as  mandrel  is 
loaded  in  dipping  turret 


Overhead  view  of  dipping  turret, 
and  holder  used  to  join  fixture 
halves  and  compress  laminations 


one  complete  stack  a  minute,  rais¬ 
ing  monthly  output  to  5,800.  It  is 
saving  580  man-hours  a  month  and 
has  reduced  working  space  by 
200  feet.  Details  of  the  process 
follow. 

The  proper  number  of  lamina¬ 
tions  are  preloaded  into  a  spacing 
block.  The  mandrel,  carrying  half 
of  the  fixture,  is  pushed  through 
the  center  holes  of  the  stack.  The 
operation  is  like  thrusting  a  pen¬ 
cil  through  a  supply  of  washers. 
The  operator  then  inserts  the 
loaded  mandrel  into  the  machine’s 
turret. 

Slowly  revolving,  the  stack  is 
carried  over  an  epoxy  bath  and  is 
dipped.  The  mandrel,  with  the 
coated  stack,  is  delivered  to  the 
second  operator,  who  removes  it 
from  the  turret  and  inserts  it  into 
the  bottom  half  of  the  fixture.  The 
laminations  are  now  stacked  be¬ 
tween  the  fixture  halves. 

The  mandrel  is  then  stripped  out 
and  the  two  fixture  halves  are 
closed  tightly  with  wing  nuts  until 
the  stack  is  compressed  to  the  de¬ 
sired  height.  The  fixture  is  re¬ 
moved  from  the  holder  and  placed 
on  station  in  a  chain.  It  passes 
under  a  high-pressure  jet  of  solvent. 
The  spray  removes  excess  epoxy, 
which  has  been  squeezed  from  be¬ 
tween  the  laminations  to  the  wire¬ 
carrying  areas  of  the  stack.  An  air 
jet  then  blows  off  any  remaining 
epoxy  and  solvent.  The  fixture 
passes  into  the  oven,  where  the 
resin  is  cured  at  450  F  for  36  min¬ 
utes.  An  automatic  ejector  removes 
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electronics 


Precision 

FREQUENCY 
STANDARDS 

FORK  OSCILLATOR 
UNITS 


OUR  NEW  HOME.  DOUBLING  OUR  FORMER  CAPACITY 
ELECTRONICS 


Our  insfrumanh,  40  to  30,000  cyclot,  «ro  used  oxtentivoly  by 
industry  and  on  governmant  projacts  whara  andur!n9  accuracy 
and  maximum  durability  ara  raquirad.  Your  inquiries  on  related 
products  ara  invited. 


PRECISION  FORK  OSCILLATOR  UNITS  j  PRECISION  FREQUENCY  STANDARDS 


TYPE  2003 

Size  i dia.  x  4%*  H.  Wght.  S  oz. 
Frequencies:  200  to  4000  cycles 
Accuracies: — 

Type  2003  (±.02%  at  — 66*  to  85*C) 
Type  R2003  (±.002%  at  15*  to  35*C) 
Type  W2003  ( ±.005%  at  —65”  to  85*C) 
Double  triode  and  5  pigtail  parts  required. 
Input,  Tube  heater  voltage  and  B  voltage 
Output,  approx.  5V  into  200,000  ohms 


TYPE  2005A 
Size  8"  X  8"  X  7M"  High 
Weight,  H  lbs. 

Frequencies: 

50  to  400  cycles  (Specify) 
Accuracy: 

±.001%  from  20”  to  30”C 
Output,  10  Watts  at  115V 
Input,  115V.  (50  to  400  cy.) 


TYPE  2007-6 

TRANSISTORIZED,  Silicon  Type 
Size  dia.  x  5%”  H.  Wght.  7  ozs. 
Frequencies:  360  to  1000  cycles 
Accuracies: 

2007-6  (±  .02%  at —50”  to  +  85”C 
R2007-6  ( ±.002%  at  +15*  to  +  35”C 
W2007-6  ( ±.005%  at  —65”  to  +  85*C 
Input:  10  to  30  Volts,  D.  C.,  at  6  ma. 
Output:  Multitap,  75  to  100,000  ohms 


TYPE  2I2IA 

Size 

8%"  X  19"  panel 
Weight,  tS  Ibe. 

Output:  115V 
60  cycles,  10  Watt 
Accuracy: 

±.001%  20”  to  30” C 
Input, 

115V  (50  to  400  cy.) 


TYPE  2001-2 

Size  3%"  X  x  6"  H.,  Wght.  26  oz. 
Frequencies:  200  to  3000  cycles 

Accuracy:  ±.001%  at  20”  to  30”C 
Output:  5V.  at  250,000  ohms 
Input:  Heater  voltage,  6.3-12-28 

£  voltage,  100  to  300  V.,  at  5  to  10  ma. 


TYPE  21  1 1C 

Size,  with  cover 
10"  X  17"  X  9"  H. 

Panel  model 
10"  X  19"  X  8%"  H. 

Weight,  25  lbs. 
Frequencies:  50  to  1000  cy. 
Accuracy: 

(±.002%  at  15”  to  35”C) 
Output:  115V,  75 W. 

Input:  115V,  50  to  75  cy. 
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THE  STANDARD  ELECTRIC 
TIME  COMPANY 


89  tOGAN  STREET,  SPRINGFIELD,  MASSACHUSETTS 


New  fixture  is  east  aluminum,  old 
is  machined  steel 


New  from  Gen-Pro:  Repicon  Kigh  density 
removable  contact  connector  in  single  or 
double  insert  types  ofFers  unlimited  ap¬ 
plication  in  vriring  installations.  Available 
in  34,  42,  50,  81,  104  or  162  contacts. 


Old  and  new  fixtures  assembled. 
Gyro  stator  can  be  seen  in  new 
fixture 


REPICON  REMOVABLE  CONTACTS  in 
crimp  or  solder  type  afford  higher  con¬ 
tact  retention  ability,  lower  millivolt  drop. 
Usable  in  various  other  existing  conitector 
body  sizes  and  configurations.  Contacts 
ordered  separately. 


the  fixture  from  the  chain  after 
bonding. 

The  old  method  required  that 
individual  laminations  be  laid  out 
on  a  flat  surface.  They  were 
sprayed  with  resin,  dried  under 
lamps,  turned  over  and  resprayed. 
Then  they  were  picked  up  with 
tweezers  and  stacked  by  placing 
them  one  by  one  on  posts  in  a 
fixture. 

The  top  of  the  fixture  was  put  in 
place,  a  spring  added,  the  spring 
compressed  by  an  arbor  press  and 
a  key  inserted  to  maintain  spring 
pressure  during  bonding.  Bringing 
the  heavy  steel  fixture  up  to  oven 
temperature  required  a  longer 
bonding  cycle.  To  quickly  place  the 
fixtures  back  into  production,  they 
had  to  be  cooled  in  a  dry  ice  bath. 

The  new  fixtures  lose  heat  so 
rapidly  that  cooling  is  unnecessary. 
They  are  investment  cast  of  alumi¬ 
num  and  cost  only  $4,  compared  to 
$100  or  more  for  the  old  hardened 
and  ground  steel  fixtures.  The  new 
equipment  was  designed  and  built 
by  the  Special  Equipment  Design 
Department  at  Raytheon-Andover. 


TYPE  N 

162  CONTACTS 


Write  today  for  bulletin  illustrating 
types  in  stock  with  specifications 

GENERAl.  PRODUCTS  CORPORATION 

Over  25  Years  of  Quality  Molding 

UNION  SPRINGS,  NEW  YORK  TWX  No.  169 
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.When  there’s 
NO  SUBSTITUTE  for 
PRECISION  TIMING 


When  the  emphasis  is  on  accuracy  in  timing,  the 

wise  choice  is  STANDARD  precision 

elapsed  time  indicators.  Units  are  synchronous 

motor  driven . . .  electric  clutch  controlled 

by  manual  or  automatic  switch  or 

output  of  electronic  tubes . . .  available  with  manual 

or  electric  zero  reset,  a-c  or  d-c  clutch. 


PANEL  MOUNTED 


Wiring  Analyzer  Tests 
60  Circuits  a  Minute 


AUTOMATIC  WIRING  analyzer  that 
can  check  up  to  6,000  circuit  assem¬ 
blies  for  current  continuity  and 
leakage  has  been  developed  by 
Hughes  Aircraft.  Co.,  El  Segundo, 
Calif.  Tests  are  controlled  by  pro¬ 
grammed  IBM  cards  corresponding 
to  the  wiring  diagram  of  circuits 
being  checked.  The  machine 
processes  60  cards  a  minute. 

After  the  unit  under  test  is  con- 


PORTABLE 


Request 
Catalog 
No.  198 
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Model 

Scale 

Division* 

Totalize* 

Accurocy 

S-100 

1/5  >*c. 

6000  tec. 

db.l  tec. 

S-60 

1/5  IOC. 

60  min. 

±.1  tec 

SM-60 

1/100  min. 

60  min. 

±.002  min. 

S-IO 

I/lOtoc 

1000  tec 

±.02  tec 

S-6 

1/1000  mifie 

10  min. 

±.0002  min. 

S-l 

I/I00**c 

60  tec 

±.01  tec 

MST 

1/1000  MC 

.360  tec 

±.001  tec 

MST-500 

1/1000  tec. 

30  tec 

±.002  tec 

k>6k 
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nected  to  the  analyzer,  the  cards  are 
placed  in  a  reader.  As  the  card.s 
complete  their  test  cycle,  they  fall 
into  “condition  of  circuit”  bins 
which  classify  the  type  of  failure 
and  its  location  in  the  assembly. 

Leakage  failures  are  pinpointed 
by  recycling  trouble  cards  one  at 
a  time  through  the  reader.  Locator 
lights  on  a  fault  isolation  panel 
indicate  which  wires  in  the  circuit 
are  faulty.  The  analyzer  also  con¬ 
tains  a  functional  tester  to  check 
switches,  relays,  resistors  and  other 
components. 

The  analyzer  can  be  adapted  to 
any  number  of  tests,  in  multiples  of 
1,200.  Modifications  in  systems 
under  test  are  accomodated  by  mak¬ 
ing  new  connector  cables  and  pre¬ 
paring  fresh  test  cards. 


the  new  look 


Solder  Paste,  Table 
Mechanize  Soldering* 


Paste  is  applied  as  parts  are  as~ 
seivbted 

SOLDER  JOINTS  are  made  inside  a 
thermostat  housing  in  about  10 
seconds  with  the  indexing  machine 
shown.  The  housing  is  fitted  with 
an  extension  tube  and  a  brass  in¬ 
sert. 

The  part  is  placed  under  the 
nozzle  of  a  solder  paste  applicator 
and  receives  a  metered  amount  of 
.solder.  The  operator  puts  the  in¬ 
sert  in  the  housing.  More  paste  is 
applied  as  the  extension  tube  is 
placed  in  the  housing. 

The  assembly  is  loaded  into  a 
ceramic  fixture  and  positioned  in  a 
spring-loaded  slot.  As  the  table 
indexes,  the  assembly  passes  pre¬ 
heat  and  final  heat  torches,  air  cools 
for  two  stations  and  is  ejected  onto 
a  slide. 

Paste  u.sed  is  a  mixture  of  solder, 
flux  and  neutral  binders  made  by 
Fusion  Engineering,  Cleveland, 
Ohio.  The  firm  designed  the  setup 
for  Continental  Controls,  Lakewood, 
Ohio. 


MINI-TEL 

all-solid-state  telemetry 
sub-carrier  discriminator 


For  "quick-look"  analysis  of  FM  telemelry  data,  the  Precision  MINI-TEL 
sub-carrier  discriminator  packs  a  surprising  amount  of  usefulness  into  an 
exceptionally  small  space. 

In  its  compact  (less  than  1  V2  cubic  feet)  single-module  package,  occupyin'^ 
only  10  V2  inches  of  rack  space,  the  MINI-TEL  provides  up  to  14  IRIG 
discriminator  plug-in  units,  power  supply,  and  output  level  monitor  meters. 
Initial  cost,  maintenance,  and  power  drain  are  exceptionally  low. 

Write  for  your  copy  of  Bulletin  60  for  details. 


PRECISION  INSTRUMENT  COMPANY 


1011  Commercial  Street 
Phone  LYtell  1-4-441 


San  Carlos  •  California 
TWX:  SCAR  BEL  30 


REPRESENTATIVES  IN  PRINCIPAL  CITIES  THROUGHOUT  THE  WORLD 


Miniature  Indicator 

COLORED  PLASTIC  FACES 


INDICATOR  light  is  1.6  inches  long 
with  a  back-lighted  rectangular 
head  i  by  18  inch.  Two  i  inch  or 
three  smaller  digits  or  letters  can 
be  accommodated  on  the  variously 
colored  plastic  faces.  A  midget 
flanged  bulb  for  6,  12  or  28  v  sup¬ 
plies  light. 

Wherever  fast  identification  is 
desired,  such  as  on  control  panels 
for  traffic  systems  or  automated 
equipment,  the  lighting  units  can 
be  used  to  provide  identification  at 
greater  distances  than  non-illumi- 
nated  or  conventional  front-lighted 
tabs. 


Ceramic  Capacitor 

10  to  220  pf— TO  30  WVDC 

DEVELOPMENT  of  a  new  miniature 
ceramic  capacitor  has  been  an¬ 
nounced  by  Gulton  Industries,  Inc., 
212  Durham  Ave.,  Metuchen,  N.  J. 

Maximum  size  of  the  capacitor  is 
0.1  inch  square  by  0.05  inch  thick, 
with  a  rating  of  30  wvdc.  Capaci¬ 
tance  values  are  available  in  the 
range  from  10  to  200  pf,  with  a 


maximum  capacitance  change  of 
±10  percent  over  the  temperature 
range  of  —  55  C  to  85  C. 

The  capacitor  meets  or  exceeds 
requirements  of  MIL-C-11015B,  and 
is  suitable  for  miniature  computers, 
hearing  aids,  transceivers  and 
modular  packages. 
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Cost  of  the  lighting  units  ranges 
from  $1.10  to  $1.75  each  depending 
on  quantity.  For  full  information 
contact  Glar-Ban  Corporation,  113 
Glar-Ban  Building,  3708  Harlem 
Road,  Buffalo  15,  New  York. 
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.485  MAX. 


Sliding  Piston  Trimmer 

FOR  CAM  DRIVE 


VARIABLE  trimmer  capacitor  with  a 
sliding  piston  for  use  with  cam 
driven  mechanisms  for  fine-tuning 
action  and  long  life  is  introduced 
by  JFD  Electronics  Corp.,  6101  Six- 


UOOMAX. 


.925  MAX 


Latching  Relay 

LIES  FLAT  ON  PRINTED-CIRCUIT  BOARD 


at  30  V  d-c  or  2  amp  at  115  v  60  cps, 
resistive.  The  relay  will  remain 
firmly  latched  in  either  armature 
position  without  coil  power  and  will 
operate  on  a  3  ms  pulse  at  nominal 
voltage  at  25  C. 

Designed  to  operate  in  severe  en¬ 
vironments,  the  FL  relay  meets  ap¬ 
plicable  sections  of  MIL-R-25018, 
MIL-R-5757C,  and  ABMA-PD-R- 
187. 
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DUAL-COIL,  miniature  latching  relay 
is  announced  by  Potter  &  Brumfield 
division  of  American  Machine  & 
Foundry  Co.,  Princeton,  Ind.  The 
relay  lies  flat  on  a  printed-circuit 
board,  its  height  being  0.485  inch 
max;  it  requires  an  area  of  1.100 
by  0.925  in.  on  circuit  boards. 

Coils  can  be  supplied  with  up  to 
10,000  ohms  resistance  per  coil  at 
25  C.  Gold-flashed,  silver-magnes¬ 
ium-nickel  contacts  are  rated  3  amp 


teenth  Ave.,  Brooklyn  4,  N.  Y. 
Spring  fingers,  rhodium  plated 
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"FREOH”  SOLVENT  left  this  ORDINARY  CHLORINATED  SOL- 

acrylic  resin  and  metal  unharmed  VENT  under  same  conditions  dis- 

after  prolonged  exposure.  solves  resin,  damages  metal. 


Si 

... 

\ 


How  Freon  solvents  help  protect  your 
investment  in  expensive,  precision  parts 


*Treon”  solvents  provide  selective  solvent  action.  Re¬ 
sult-fast,  highly  effective  removal  of  oil,  grease  and 
dirt — yet  complete  safety  to  materials  of  critical  com¬ 
ponents. 

Will  not  damage  metals,  plastics  or  elastomers. 

"Freon”  solvents  minimize  swelling  of  plastics  and 
elastomers  .  .  .  are  non-corrosive  to  metals  . . .  won’t 
soften  paint,  wire  coating  or  insulation. 

No  residue.  Because  "Freon”  solvents  contain  no 
inhibitors,  no  residue  is  left  on  dried  parts.  Solvent 
can  be  recovered  readily  and  reused  without  need  for 


rcinhihiting  during  recovery  cycle. 

Safe  to  personnel.  Non-flammable  and  non-explosive, 
"Freon”  solvents  are  also  virtually  non-toxic — will 
not  cause  headaches  or  nausea. 

For  you  this  means  effective,  remarkably  safe  clean¬ 
ing  of  delicate  mechanical  and  electronic  equipment — 
greater  protection  for  your  investment.  If  you’d  like 
more  information  about  "Freon”  solvents  or  tech¬ 
nical  assistance  on  solvent  use  and  application,  write: 
E.  I.  du  Pont  de  Nemours  &  Co.  (Inc.),  "Freon” 
Products  Division,  Wilmington  98,  Delaware. 


SOLVENTS 


BETTEI  THINGS  fO*  BETTER  LIVING  ...THROUGH  CHEMISTtY 
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for  long  life  and  low  contact  resist¬ 
ance,  achieve  contact  between  the 
piston  and  the  panel  mount  bushing. 
The  trimmers  are  available  in  ca¬ 
pacitance  values  from  0.6  to  90  pf 
in  glass  or  quartz  dielectric,  and  in 
standard,  differential,  split  stator, 
with  open  or  sealed  construction. 

Other  specs  include  quartz  and 
Invar  construction  for  zero  tem¬ 
perature  coefficient,  low  loss  and 
low  inductance  for  high  frequency 


High  Sensitivity  CRT 

DUAL  BEAM,  5-INCH  FACE 

KIVE-INCH,  dual  beam  cathode-ray 
tube,  type  5CWP,  features  flat  face 
plate,  electrostatic  deflection  and 
focus,  improved  deflection  sensitiv¬ 
ity,  accuracy,  and  low  interaction 
between  traces.  High  brightness 
is  achieved  through  increased  maxi¬ 
mum  ratings  and  screen  aluminiza¬ 
tion. 

Post  acceleration  and  limited  scan 
deflection  electrodes  improve  deflec¬ 
tion  sensitivity.  Deflection  electrode 
and  acceleration  electrode,  pattern 
adju.stment  electrode,  and  indivi¬ 
dual  astigmation  adjustment  elec- 


Voltage  Reference 

A-C/D-C  CALIBRATOR 


MODEL  5890  portable  voltage  stand¬ 
ard  can  be  used  for  calibrating  a-c 
and  d-c  voltmeters,  as  a  source  of 
accurate  a-c  or  d-c  voltage  and 
power  to  10  watts,  and  as  a  preci¬ 
sion  voltmeter  from  0  to  100  v. 


use,  no  derating  up  to  125  C  for 
glass  dielectric  and  150  C  for 
quartz,  alloy  plating  for  50  hour 
salt  spray  resistance,  gold  plating 
over  special  alloy  for  r-f  conductiv¬ 
ity  and  freedom  from  silver  migra¬ 
tion,  high  Q  dissipation  factor. 
Price  is  from  $2  in  production 
quantities  with  approximately  a  4 
week  delivery. 
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trodes  are  brought  out  through  the 
bulb  wall  to  a  ring  base  for  ease  of 
connection.  Complete  specifications 
can  be  obtained  from  Electronic 
Tube  Sales  Department,  Allen  B, 
Du  Mont  Laboratories,  Divisions  of 
Fairchild  Camera  and  Instrument 
Corporation,  Clifton,  New  Jersey, 

Specifications  include  deflection 
factor  uniformity  of  2  percent  max, 
pattern  distortion  of  3  percent  max, 
and  a  tracking  error  of  0.060  inch 
max. 
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Output  is  in  four  ranges,  0  to 
0.1, 1,10,  and  100  volts.  Output  on  a-c 
is  at  line  frequency  but  provisions 
are  made  in  the  unit  to  accommo¬ 
date  other  frequencies.  Accuracy  is 
±0.25  percent  of  set  voltage  above 
0.01  volt,  and  ±0.2  percent  of  set 
voltage  (-1-5  microvolts)  below  0.01 
volt.  After  a  fifteen  minute  warm¬ 
up  the  output  voltage  remains  with¬ 
in  specifications  for  at  least  five 
minutes  without  readjusting  the 
controls,  adequate  time  for  meter 
calibration. 

The  reference  source  is  12 i  by 
9i  by  8i  in.  and  weighs  20  lb.  Cost 
is  $495  per  unit,  delivery  in  2  to  3 
weeks,  from  Commercial  Products 


Div,,  Tensor  Electric  Development 
Co.,  Inc.,  1873  Eastern  Parkway, 
Brooklyn  33,  N.  Y, 
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Computer  Delay  Lines 
FOR  PRINTED  CIRCUITS 


MODULAR  electromagnetic  delay 
lines  may  be  gaged  for  printed-cir¬ 
cuit  board  applications. 

Specified  as  Series  DL-251,  the 
units  are  constructed  on  non-nu¬ 
trient,  flame  retarding  plastic  ma¬ 
terials.  Impedances  range  from  ap¬ 
proximately  300  to  600  ohms  with 
delay  times  of  0.1  to  0.8  micro¬ 
second.  The  units  are  0.625  inch 
wide  and  from  2  to  4  inches  long. 

Delay  time  to  rise  time  ratios  up 
to  10  to  1  are  available,  depending 
upon  unit  impedance  and  size.  Op¬ 
erating  temperature  range  is  —  55  C 
to  105  C.  Approximately  one  week 
delivery  on  all  units,  from  IMC 
Magnetics  Corp.,  Gray  &  Kuhn  Div., 
570  Main  St.,  Westbury,  L.  L,  N.  Y. 
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Modular  Photorelay 

WEATHER  RESISTANT 


BERKELEY /DYNAMICS,  P.  0.  BoX 
1098,  Burlingame,  Calif.  New 
rugged  weather  resistant  photo¬ 
relay  Cyclops  offers  thousands  of 
trouble  free  operations  in  industrial 
control  applications.  Two  electronic 
components,  a  passive  solid  state 
cadmium  sulfide  photocell  and  a 
dependable  dpdt  relay  are  connected 
in  series.  As  light  intensity  in¬ 
creases  current  flows  through  the 
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miniaturized  —  automatic 

CHART  RECORDER 


S«nd  today  for  comploto  spocificalion  shoot  and  pricos. 


Did  you  know  that  your  1960  eloctronics  BUYERS’ 
GUIDE  includes . . .  Missiles  in  Production  —  p.  R5,  List 
of  Military  Procurement  Locations  and  Personnel  — 
p.  R7,  Characteristics  of  Plastics  —  p.  R34,  Character¬ 
istics  of  Laminates  —  p.  R36,  Wire,  Tape  and  Foam 
Specifications— p.  R38,  Symbols  Dictionary— p.  R42,  List 
of  Industry  Organizations,  Services  and  Standards  — 
p.  R47,  Military  Standards  — p.  R50,  Military  Nomen¬ 
clature— p.  R53. 

The  only  directory  in  the  electronics  industry  with  a 
Reference  Section.  It  contains  Market  Data,  Materials 
for  Components,  Specifications  and  Services,  Design 
Data. 

First  choice  of  aii  4! 
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You'r0  alway$  sure  to  be  on  the  right  troth 
whett  the  job  if  done  by 


DIMENSIONS; 

3H'  V*  X  5H' 
X  41/%"  d 


■iucki^ab 


A  r* 


*Miniatur!zed  Automatic  Chart  Recorder 

OMLV  *79'*® 


industrial  co.,  inc. 

130  SILVER  STREET 
MANCHESTER,  N.  H. 


Available  from  the  following  distributors; 
Ailied  Radio  Corporation 

Chicago  80,  Illinois 

Arva,  Inc. 

Seattle,  Washington 

Elder  Electronics 

Burlington,  Ontario,  Canada 

Electronic  Parts  Corporation 

New  Orleans  19,  Louisiotto 

Electro-Tech  Equipment  Company 

New  York  13,  New  York 

Fisher  Switches,  Inc. 

Son  FratKiKO,  California 

Harrison  Equipment  Company 

Houston,  Texas 

Hughes-Peters,  Inc. 

Columbus  11.  Ohio 

Newark  Electric  Company 

Inglewood,  California 

V  Newark  Electronics  Corporation 

Chicago  6,  llinois 

Oil  Capitol  Electronics  Corporation 

Tulsa,  Oklahoma 

Pioneer  Electronic  Supply  Compony 

Cleveland  15,  Ohio 

Radio  Parts,  Inc. 

Milwaukee  5,  Wisconsin 

Radio  Shack  Corporation 

Boston  17,  Massachusetts 

R.  V.  Weatherford  Company 

Glendale,  California 


catalog 


(DlCilOTfifln 


company  me 


145  East  Miaeala  Avenue,  Valley  Stream.  New  Yerk 


electronics  buyers*  guide 

and  REFERENCE  ISSUE 


gives  more  to  all  J^! 
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TOLERANCES  CLOSER  THAN  COMMERCIAL  STANDARDS 


Note:  for  highly  engineered  applications— strips  of  TUNGSTEN 
and  some  other  metals  can  be  supplied 

rodeJl  down  to  ,0003  ikicLneM 


photoresistor,  energizing  the  relay. 
No  warm  up  time  required.  Can  be 
used  for  control,  limit  switch, 
counting,  sorting,  detection,  go-no- 
go  circuits,  etc.  Operating  voltage 
115  V  a-c.  Normally  open  or  closed 
contacts  available,  rated  5  amperes 
at  115  V  a-c.  Screwdriver  type  ter¬ 
minal  strips.  Mounting:  i  in. 
threaded  hub.  Modular  construction 
allows  speedy  installation.  Dimen¬ 
sions;  length  4  in.,  width  3  in.,  and 
depth  3i  in.  Price  is  $35. 
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Toggle  Switch 

CLOSES  FROM  ALL  ANGLES 


•  Finish:  Roll  Finish— Black  or  Cleaned 
e  Ribbons  may  be  supplied  in  Mg.  weights  if  required 

O«v*(op«cf  and  Manufacfurad  by  i— 


il 


.CROSS  co: 


3229  BERGENUNE  AVE..  UNION  CITY.  NEW  JERSEY 
Tele:  Unien  City.  N  J.:  UN.  3-1134 
•  N.  Y  C..  N.  Y.:  BR  9  4425 
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UNIVERSAL  swivel  type  toggle  switch 
can  be  actuated  by  applying  a  force 
on  the  toggle  in  any  direction.  Fea¬ 
tures  of  the  switch  include  a  tog¬ 
gle  throw  of  20  degrees  in  any  di¬ 
rection,  moisture  proof  construc¬ 
tion,  25,000  operations  minimum  at 


rated  load,  anodized  toggle  and  cas> 
ing.  The  switch  also  hiis  an  adapter 
suitable  for  engraving. 

Ratings  of  the  T203  are  2-circuit 
at  10  amp  resistive  and  5  amp  in¬ 
ductive  or  3  amp  lamp,  28  v  d-c. 
The  device  is  manufactured  by  Con¬ 
trol  Switch  Div.,  Controls  Company 
of  America,  Folcroft,  Penn. 
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NamcpTatM 
Fint  Routing  Work 
Profiling  Small 
ObiKti 

Making  Small  DIat 
and  Mold* 


ENGRAVER 


^  Gives  Graphic  Picture — Saves  Time, 
Saves  Money,  Prevents  Errors 
Simple  to  operate — Type  or  Write  on 
Cards,  Snap  in  Grooves 
■it  Ideal  for  Production,  Traffic,  Inventory 
Scheduling,  Sales,  Etc. 

Made  of  Metal.  Compact  and  Attractive. 
Over  500,000  in  Use 


Pulse  Generator 

SOLID  STATE 

MAGNETIC  RESEARCH  CORP.,  3160  W. 
El  Segundo  Blvd.,  Hawthorne, 
Calif.  New  9  Kw  solid  state  pulse 
generators  offer  design  engineers 


Full  price  $4950  with  cards 

pec  24-page  booklet  no.  C-30 
Without  Obligation 
Writo  for  Your  Copy  Today 

GRAPHIC  SYSTEMS 

YANCEYVIIL%  NORTH  CAROLINA 
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2-75 

Cantimatar 

^  Ranga 

Sand  for  lllustrotad  Ccrtologi 

MICO  INSTRUMENT  CO. 

7?  Trewbridgo  St.  Combridga  SB,  Moat. 
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a  unit  50  to  70  percent  smaller  than 
tube-types,  for  use  in  low  power 
radar  altimeters,  surveillance,  tar¬ 
get  scoring  and  similar  applica¬ 
tions.  Standard  models  operate 
from  a  200  v  d-c  source  and  may 
be  used  with  magnetrons  or  micro- 
wave  triodes.  The  circuit  includes 
a  d-c  charging  line,  self-contained 
trigger  generator  and  pulse  form¬ 
ing  network.  A  bifilar  pulse  trans¬ 
former  is  used  in  models  intended 
for  magnetron  operation.  Each  of 
the  six  standard  models  features  a 
pulse  width  of  0.25  fisec  with  a  rise 
time  of  30  to  40  nsec  (10  to  90  per¬ 
cent).  Pulse  frequencies  of  10,  5 
or  2  prf  Kc  are  standard.  Other 
pulse  widths  and  repetition  rates 
are  available  on  special  order. 
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Instrument  Choppers 

LOW  THERMAL  NOISE 


JAMES  ELECTRONICS  INC.,  4050  N. 
Rockwell  St.,  Chicago  18,  Ill.,  has 
available  a  new  line  of  low  thermal 
noise  instrument  choppers  for  60 
and  400  cps.  Reduction  of  thermal 
emf’s  to  less  than  0.5  /iv  over  nor¬ 
mal  operating  temperature  range 
of  O  C  to  +55  C  is  achieved  by 
greatly  improved  switching  circuit 
design  and  careful  selection  of  ma¬ 
terials.  TJiese  choppers  use  a  low 
loss  hydroscopic  Dially-Phthalate 
base,  ^fodels  are  available  in  dust 
sealed  configurations  for  both  dpdt 
and  spdt  circuit  arrangements.  Cir¬ 
cuit  measurement  data  on  low  ther¬ 
mal  techniques,  available.  Units  are 


...ITS  HIDING  BEHIND  IM 
ASPIRIN.  Actaally,  we  set  out 
to  build  an  easy  to-read  tiny 
timer... but  we  first  had  to 
build  an  aspirin-sized  motor  to 
drive  it.This  assignment  might 
have  been  a  headache  for  a 
sorcerer,  but  A.  W.  Haydon 
did  it.  And  there  is  something 
;  magical  about  these  micro- 
I  miniature  elapsed  time  indi- 
I  cators  and  companion 
events  counters.  ■  This  digi¬ 
tal  elapsed  time  indicator  has 
many  outstanding  features: 
size  is  only  square  x  IX*" 
long... weight  .75  ounce... 


actual 

size 


meets  ill  mil  specs... temp, 
range  -54  to  -fl25®C... vi¬ 
bration  to  2000  cps  at  20  G... 
choice  of  two  ranges  (hours 
to  9999,  tenths  to  999.9)... 
power  input  .5  watt,  max.  In 
fact,  the  complete  data  out¬ 
weighs  the  equipment.  Send 
for  our  heavyweight  literature 
on  the  19200  ETI  right  now. 
■  Electrical  or  electronic, 
the  A.  W.  Haydon  Company 
works  wonders  in  time.  For 
electronic  requirements  call 
Culver  City.  For  electro¬ 
mechanical  devices  call 
on  our  wizards  in  Waterbury. 


JHimiAYDON 

nil  n  COMPANY 

235  NORTH  ELM  STREET,  WATERBURY  20,  CONNECTICUT 
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available  from  stock.  Price  range; 
$25-$40. 
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Resonant  Circuit 

MINIATURIZED 


CONTROL  ELECTRONICS  CO.,  INC.,  10 
Stepar  Place,  Huntington  Station, 
L.  I.,  N.  Y.,  has  developed  a  45  Kc 
resonant  circuit  that  has  applica¬ 
tion  in  triggering  and  timing  cir¬ 
cuits.  Unit  measures  less  than  0.4 
cu  in.  Model  BF-128  will  amplify 
by  using  resonance  effect  to  in¬ 
crease  voltage  level  of  signal  of  the 
resonant  frequency  while  rejecting 
other  frequencies.  It  has  a  max¬ 
imum  3  db  bandwidth  of  4,500  cps 
and  source  impedance  of  3,000 
ohms.  Units  are  also  available  from 
20  Kc  to  100  Kc.  Package  dimen¬ 
sions  are  i«  in.  by  14  in.  by  1  in. 
and  it  is  hermetically  .sealed  and 
potted. 
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FAST,  POSITIVE  ACTION 

LONG  SERVICE  LIFE*  MOISTURE-PROOF 

A  broad  line  of  sinusoidal  toggle  spring  switches  designed  for 
compactness,  light  weight  and  high  reliability  in  airborne  and 

aCTound  support  missile  control  systems.  Extremely  fast,  au¬ 
dible,  double  break  action  reduces  arcing  and  contact  wear  to 
^  negligible  minimum.  Positive  snap  action  mechanism  cannot 
be  teased  on  or  off  contact.  All  contacts  made  of  heavy  coin 
silver  for  long  life  and  low  contact  resistance.  Available  with 
color  coded  buttons.  These  switches  exceed  military  require¬ 
ments  for  vibration,  shock,  humidity  and  corrosion  resistance. 
Western  Distributor:  Western- Electromotive,  Inc.,  Los  Angeles. 


Division  of  United-Carr  Fastener  Corporation,  Newtonvllla  60,  Mass. 
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COMPONENT 
INSERTING 
for  More  Uniform 
PW  Boards 


you  save  50%  on  Top -Quality 

Test  Instruments 
Hi-Fi  •  Ham  Gear 


Wire-Wound  Pots 

INSULATED  ROTORS 


for  professional  and  home  use 

TEST  INSTRUMENTS  ;  HI-FI 
battery  eliminators  •  stereo  and  monaural 
battery  testers  •  tuners 
bridges  S  preamplifiers 

decade  boxes  {  power  amplifiers 
electronic  switch  •  integrated  amplifiers 
flyback  tester  S  speaker  systems 
oscilloscopes  ! 
probes  •  HAM  GEAR 

signal  and  ,S  cw  transmitter 

sweep  generators  S  modulator-driver 
tube  testers  j  grid  dip  meter 

transistor  tester  • 
vacuum  tube  ■  OVER  2  MIU.I0N 

voltmeters  J  EICO  Instruments  In 
volt-ohm-  J  use  throughout 

mllllammeters  •  the  world. 

LIFETIME  service  and  calibration  guarantee. 
IN  STOCK  at  your  neighborhood  EICO  dealer. 
_ Send  now  for  FREE  cotolog  E-I2 


CONTINENTAL-WIRT  ELECTRONICS 
CORE.,  26  W.  Queen  Lane,  Philadel¬ 
phia  44,  Pa.  Series  F-888  control  is 
designed  and  priced  for  wide  use  in 
radio,  tv,  instrument,  computer  and 
test  equipment.  Resistance  range 
from  i  ohm  to  25,000  ohms;  ±10 
percent  resistance  tolerance;  a  2-w 
power  rating;  and  3  percent  lin¬ 
earity  are  standard.  A  wider  range 
of  resistance  values,  higher  power 
dissipation  characteristics,  and 
closer  linearity  tolerances  are  avail¬ 
able  on  special  order.  These  con- 


You  can't  beat  the  quick,  precise,  feed¬ 
ing,  trimming,  bending  of  lead,  in¬ 
serting,  and  clinching  operation  in  one 
single  stroke  of  the  Dynasert  machine. 
Boards  are  neater,  more  dependable, 
easier  to  solder  tightly.  Damage  to 
component  body  is  eliminated.  Handle 
all  axial  lead  components  up  to  10 
times  faster.  Simplifies  operator  train¬ 
ing.  Write  for  descriptive  12  page 
booklet.  ■  ■  ■  -  ■  A  _  - 


United  shoe  machinery  corporation 

140  Federal  Street.  Boston.  Mass. 
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trols  are  compact,  1.125  in.  diameter 
by  0.560  in.  deep.  They  feature 
unique  collector  design,  molded  one- 
piece  element  insulator,  shaft  op¬ 
tions,  and  taper  choice. 
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Spring  Hat  Holder 

FOR  TRANSISTORS 


AUGAT  BROS.,  INC.,  33  Perry  Ave., 
Attleboro,  Mass.  New  universal 
spring  hat  holder  will  accommodate 
over  800  different  transistors  and 
diodes  of  many  varying  case  sizes 
with  either  round  or  oval  configura¬ 
tions.  The  holder  is  available  with 
base  insulator  for  complete  elec¬ 
trical  isolation  to  chassis.  Featured 
is  a  knee  action  spring  design  which 
permits  fast  and  easy  replacement 
of  component. 
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Portable  Scaler 

TRANSISTORIZED 

TROXLER  LABORATORIES,  BoX  5253, 
Raleigh,  N.  C.  Completely  tran¬ 
sistorized  j>ortable  glow-tube  scaler 
includes  regulated  h-v  supplies  for 
detector  probes.  Sealed  modular 
construction  throughout.  A  3i  in. 
built-in  ratemeter,  for  rapid  meas¬ 
urements  and  comparisons,  also 
indicates  high  voltage  in  Kv.  Jew- 
eled-escapement  timer  maintains  1- 
minute  counting  interval  within  0.1 
percent,  or  scaler  may  be  used  to 
count  continuously.  Standard 
model  operates  from  sealed  silver- 
zinc  battery,  providing  30  hours 
operation  per  charge;  external  bat- 


UNPRECEDENTED  EFFICIENCIES 
IN  HARMONIC  GENERATION . . . 


11  kMc  * 
input® 
500  mw 


33  kMc 
output® 

5  to  20  mw 


Nine  new  examples  of  Microwave 
Associates’  capabilities  in  the  design  of 
harmonic  generators  are  available  now. 
These  m^els  feature  exceptionally 
high  output  power  with  conversion 
losses  well  below  existing  devices. 

New  designs  incorporating  solid  state 
elements  can  be  used  to  eliminate  costly 
klystrons,  DC  bias  supplies  and  high 
voltage  power  simplies.  All  units  fea¬ 
ture  broadband  fixed-tuned  operation, 
filters  eliminating  unwanted  harmonics, 
and  versatile  coaxial,  waveguide  and 


strip-line  packaging.  _ 

These  models  are  typical  examples  of 
our  progress  to  date  . .  .  presently  we 
are  working  for  even  greater  efficiencies 
and  performance.  Additional  models  in 
development  converting  1  watt  at  2000 
Me  to  100  mw  or  more,  at  4000  and 
6000  Me,  to  be  announced  soon. 

Your  specific  application  problems  are 
of  prime  interest  to  us.  Our  Applica¬ 
tions  En^neers  would  welcome  the 
opportunity  to  design  harmonic  gen¬ 
erators  to  meet  yoiu-  specifications. 


SPECIFICATIONS 

INPUT  OUTPUT 


Model 

Connector 

1  Tun*  IIP  1 

Frequency 

1  Bend  1 

mw 

Connector 

frequency 

iBan^ 

Conversion 

Output 

1  type  ub* 

Input  kMc/s 

input  1 

Type  UG- 

Output  kMc/$ 

Loss  (max.) 

mw  1 

MA796 

23/U 

0.26  —  0.28 

P 

20 

23/U 

1.30—1.43 

L 

134b 

1 

MA797 

23/U 

1.30  —  1.43 

L 

100 

23/U 

5.22  —  5.72 

C 

15<U> 

3 

MA798A 

39/U 

9.0±150Mc 

X 

500 

596/U 

18.0±300Mc 

K 

17db 

10 

MA798B 

39/U 

10.0±150Mc 

X 

500 

596/U 

20.0±  300Mc 

K 

1745 

10 

MA798C 

39/U 

11.0±150Mc 

X 

500 

596/U 

22.0±  300Mc 

K 

174b 

10 

MA798D 

39/U 

12.0±150Mc 

X 

500 

596/U 

24.0±3(»Mc 

K 

174b 

10 

MA799A 

39/U 

9.0±100Mc 

X 

500 

600/U 

27.0±300Mc 

Ka 

204b 

5 

MA799B 

39/U 

10.0±100Mc 

X 

500 

600/U 

30.0±300Mc 

Ka 

204b 

5 

MA799C 

39/U 

11.0±100Vc 

X 

500 

600/U 

33.0±300Mc 

Ka 

204b 

5 
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^»OP^ 


NEWEST  ADDITION  TO 
THE  ^ 

PHEM-O-RAK' 

MODULAR  CONSOLE 
SYSTEM 

SLOPED  FRONT 
CONSOLE 
CABINET 


•  Tops  of  front  and  rear  are  rounded. 

•  Designed  for  multiple  installations. 

•  Made  of  No.  14  gauge  steel  and 
welded  throughout. 

•  Sloped  front  is  19*  from  vertical. 

•  Panel  mounting  angles  made  of  No. 
12  gauge  steel  and  tapped  10/32  on 
E.I.A.  spacings;  front  and  rear  verti¬ 
cal  angles  adjustable  to  any  position. 

•  Ball  cornered  end  panels. 

— - - •  Frame  finished  in  gray 

;  hammertone.End  panels 

in  brown  hammertone. 


Cat.  No.  FS-1001 


Contact  your  local 
distributor  or 
1^.'"  SEND  FOR 

COMPLETE  CATALOG 

PREMIEK 

^  METAL 
H  PRODUCTS  CO. 


337  MANIDA  ST., 
NEW  YORK  59,  N.  Y. 


SALES  OFFICE: 

1667  Laurel  Street,  San  Carlos,  California 
C.PORT  DEPARTMENT:  EMEC,  127  Grace  St., 
Plainview,  New  York 

IN  CANADA;  PREMIER  METAL  HOUSINGS,  Ltd., 
5810  Smart  Ave.,  Montreal 


RESISTANCE 
THERMOMETERS 
by  REC . 

I-435to*J80(fF 

Whether  you  are  concerned 
with  temperature  measure¬ 
ments  at  -436*  F  or  +1800*  F 
there  la  a  wide  variety  of 
REC  temperature  probes  to 
fit  your  requirements.  REC 
specializes  In  the  design  of 
high  precision  temperature 
probes,  using  highest  purity 
platinum  resistance  elements. 


[  tery  charger  also  allows  115  v  a-c 
i  operation.  Other  models  available 
I  for  external  6  or  12  v  d-c,  115  v  a-c 
I  operation.  Units  may  be  used  in 
any  position.  Price  is  $1,700  to 
I  $1,950,  depending  upon  model. 
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Care  and  skill  during  manu¬ 
facturing  result  In  strain-free 
I  probes  of  highest  stabUlty. 


Write  for  New  Ceteleg  Ne. 
66030  for  further  information 
on  REC's  many  Temperature 
Probes,  Pressure  Trans¬ 
ducers,  Pltot-Static  Tubes. 


ROSEMOUNT 

ENGINEERING 

COMPANY 


4900  WEST  )STH  ST  MINNEAPOLIS  }4 .  MINNESOTA 
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electronic 

chemical 


new  formula 


ff-44 


EC-44 


Economical!  A  little 


does  a  lot! 


with  5"  Flattie 


lubricates 


conditions 


cleans 


ELECTRICAL 


CONTACTS 


Sold  To  Diitrdiutors  Only 

lELECJRONIC  CHEMICAL  CORP. 

313  Communipaw  Avenua  Jersey  City  4  N  J 
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Panel  Meter 

PLASTIC  FRONT 

THE  HICKOK  ELECTRICAL  INSTRU¬ 
MENT  CO.,  10514  Dupont  Ave.,  Cleve¬ 
land  8,  0.  Model  86H  clear  view 
meter  features  an  acrylic  plastic 
front.  The  acrylic  plastic  is  claimed 
to  be  rugged  and  non-fading,  allow¬ 
ing  maximum  light.  The  wide  angle 
extended  scale  provides  greater 
readability.  The  meter,  available  in 
all  common  milliammeter,  ammeter 
and  voltmeter  ranges  with  an  accu¬ 
racy  of  1  percent  full  scale,  also 
features  the  Hickok  taut  band  sus¬ 
pension  which  eliminates  friction 
by  eliminating  pivots,  jewels  and 
hairsprings,  the  trouble  spots  on 
conventional  meters. 
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Thm-Plate  Quartz 

PRECISION-FABRICATED 

DELL  OPTICS  CO.,  LTD.,  327-55th  St., 
West  New  York,  N.  J.,  has  avail¬ 
able  Micro-Fused  quartz  in  optical 
grades.  This  precision-fabricated 
quartz  finds  wide  application  for 
infrared,  microwave  and  in  numer¬ 
ous  analytical  applications.  Micro- 
Fused  quartz  is  available  in  very 
thin  plates,  optically  ground  and 
polished  flat.  Seven  thicknesses  are 
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supplied  ranging^  from  0.003  in.  to 
0.021  in.;  rounds,  squares  and  rec- 
tangulars  are  supplied  up  to  4  in. 
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1^1  NEW  Time  Delay  Relays 

INSTANTANEOUS  RESET 


Tiny  Capacitor 

HERMETICALLY  SEALED 


SOUTHERN  ELECTRONICS  CORP.,  150 
West  Cypress  Ave.,  Burbank, 
Calif.,  has  developed  a  new  sub¬ 
miniature  capacitor  for  missile, 
computer  and  communications  ap¬ 
plications.  Utilizing  a  polystyrene 
dielectric,  and  new  winding  tech¬ 
niques,  a  typical  2  fit  capacitor  is 
contained  in  a  one-inch  cube.  Other 
capacitors  average  lA  in.  by  1  in. 
by  H  in.  Units  are  hermetically 
sealed  and  accuracy  tolerances  are 
held  to  within  0.1  percent.  The  ca¬ 
pacitors  are  said  to  show  excellent 
stability  characteristics  over  an  ex¬ 
tended  temperature  range  and 
tolerances  are  unaffected  even  at 
extreme  high  altitudes. 
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MACKET  MOUNTING  STUD  MOUNTING 


lUGGED  CONSTIUCnON  THROUGHOUT 


Designed  with  an  instantaneous  reset  feature,  these  relays  provide 
the  same  time  delay  for  a  series  of  cycles  when  temperature  and 
voltage  vEuy. 

They  arc  pre-set  from  3  to  180  seconds,  arc  chatter-free  and 
will  withstand  severe  shock  and  vibration.  Because  of  this 
unique  combination  of  features,  these  relays  are  now  being  used 
in  such  new  circuit  applications  as: 

Sequential  timing  for  missiles  •  Automatic  reset  on  digital  readout 
equipment  •  Oscillator  stabilization  •  Overload  protection 
•  Computer  sequencing 

“DM"  suits  SnPRINO  MOTORS 

0^*  Curtiss-Wright  Stepping  Motors  convert  digital  pulses  into 

mechanical  work  or  motion.  Units  are  bi-directional  with 
high  starting  torque. 

Write  for  complete  Components  Catalog  260  to  help  you  select  Curtias* 
Wright  electronic  components  for  use  where  dependability  is  of  prime 
tanportance. 

COMPONENTS  DEPARTMENT*  ELECTRONICS  DIVISION 


Panel  Indicator  Light 
LENSES  IN  FIVE  COLORS 


THE  SLOAN  CO.,  7704  San  Fernando 
Road,  Sun  Valley,  Calif.,  announces 
the  model  106S  Color-Lite  panel  in¬ 
dicator  light.  This  2-terminal,  fixed 
assembly  utilizes  the  T-1  series  bulb 
which  has  life  of  100,000  hours  at 
5  V  and  60,000  hours  at  6.3  v.  Lights 
may  be  installed  either  from  the 
front  or  rear  of  panel  in  a  A  in. 
diameter  hole.  These  lights  are 
available  with  MS  or  commercial 
bulbs  and  lenses  of  red,  white,  blue, 
green  or  amber.  All  materials  and 
processes  used  in  their  manufacture 
meet  or  exceed  applicable  MIL 
specs. 
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CORPORATION 


TIME  DELAY  RELAYS  •  DELAY  LINES  •  ROTARY  SOLENOIDS  •  DIGITAL 
MOTORS  •  TIMING  DEVICES  •  DUAL  RELAYS  •  SOLID  STATE  COMPONENTS 
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Designers  and  Manufacturers  of 


Literature 
of  the  Week 


TRANSDUCTORS  Control,  a  Di¬ 
vision  of  Magnetics  Inc.,  Butler, 
Pa.,  has  published  a  new  38-page 
manual,  T-11,  which  describes  in 
detail  the  characteristics  and  func¬ 
tions  of  its  static  transductors,  as 
well  as  outlining  typical  applica¬ 
tions. 
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•  Telrex  is 
equipped  to  design 
and  supply  to 

our  specifications 
or  yours,  Broad¬ 
band  or  single 
frequency,  fixed  or 
rotary  arrays  for 
communications, 
FM,  TV,  scatter- 
propagation,  etc. 

•  Consultants 
and  suppliers 

to  communication 
firms,  universities, 
propagation 
laboratories  and 
the  Armed  Forces. 


COMMERCIAL  SERVICE 
BEAMED-POWER"  ARRAYS 
AND  TWO-WAY  SYSTEMS 


Model  Illustrates  a  wide¬ 
spaced,  12  element  circular 
polarized  optimum-tuned 
skewed  dipole  "SPIRALRAY” 
antenna.  Provides  unusually 
high  gain,  even  response,  in 
all  polarization  planes,  verti¬ 
cal,  horizontal  or  oblique 
with  unusually  high  signal- 
to-noise  ratio. 

NO  OTHER  CIRCULAR  PO¬ 
LARIZED  ARRAY  known  to 
the  art  today  can  provide  the 
linear  high  gain  apd  signal- 
to-noise  ratio  in  all  radiation 
planes. 

The  ideal  antenna  for  missile 
tracking,  telemetering  and 
no-fade  response  to  mobile 
(or  moving)  stations. 

Models  available  to  extend 
the  practical  range  of  2-Way 
Communication  Systems. 


Model  Illustrated: 
No.  SY  12-104-110 


INDUCTION  POTENTIOMETER 
TRANSDUCERS  Servonic  Instru¬ 
ments,  Inc.,  640  Terminal  Way, 
Costa  Mesa,  Calif.  Bulletin  S-606 
provides  complete  electrical,  me¬ 
chanical  and  dimension  specifica¬ 
tions  for  the  UH-16  and  UH-18 
induction  potentiometer  transduc¬ 
ers. 
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Electrical  Specificatiens- Model  No. 
SY-12-104-110;  Polarization,  circular, 
linear  within  db.  Gain  13  db.  F/B- 
Ratio  30  db.  V/S/W/R  (SO  ohm 
cable)  1.1/1.  Beamwidth  at  half 
power  points  33  degrees.  Max.  power 
input  300  w,  with  “Baiun"  supplied. 
Mechanical  Specificatiens:  Boom 
diameter  2"  O.D.  x  25  ft.  All  alumi¬ 
num  boom  and  elements.  Weight  ap¬ 
prox  25  lbs.  Rated  wind-load  90  mph. 
No  Ice  load  Available  for  120  mph 
wind  load.  (Model  No.  MSY-104-110). 


Model  SY-12-104-11 
$265.00 

Model  MSY-104-110 
$390.00 
(f.o.b.  Aibury 
Park,  N.  J.) 


Communication  and  TV  Antennas 


ANTENNAS 


PRECISION  SWITCHES  Unimax 
Switch  Division,  The  W.  L.  Maxson 
Corp.,  Ives  Road,  Wallingford. 
Conn.  The  new  32-page  catalog  No. 
10-1  contains  detailed  information 
on  the  company’s  expanded  line  of 
snap-acting  precision  switches. 
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LABORATORIES 


SINCE 

1921 


ASBURY  PARK  25.  NEW  JERSEY.  U  S  A. 
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MICROWAVE  EQUIPMENT  De- 
Mornay-Bonardi,  780  S.  Arroyo 
Parkway,  Pasadena.  Calif.  Twelve- 
page.  2-color  booklet  de.scribes  a 
complete  line  of  millimeter  wave 
components  and  instruments  which 
generate,  detect  and  measure  micro- 
wave  frequencies  up  to  140  Gc. 
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SILICON  RECTIFIERS  Standard 
Rectifier  Corp.,  620  East  Dyer 
Road,  Santa  Ana,  Calif.  Complete 
with  illustrations,  specifications  and 
drawings,  a  16-page  short  form  cat¬ 
alog  covers  a  complete  line  of  silicon 
power  rectifiers. 
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By  the  process  of  electroplating 
it  is  often  possible  to  combine  the 
desirable  properties  of  metals 
having  widely  different 
characteristics.  For  example,  a 
Gold  plated  Tungsten  wire 
combines  the  extremely  high 
tensile  strength  of  Tungsten  with 
the  solderability  of  Gold.  Many 
other  combinations  are  possible 


ELECTRONIC  CHOPPERS  Solid 
State  Electronics  Co.,  15321  Rayen 
St.,  Sepulveda,  Calif.,  has  published 
a  data  sheet  describing  models  SOP, 
60P  and  TOP  transi.storized  plug-in 
electronic  choppers. 
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Write  for  list  of  products 


SIGMUND  COHN  CORP, 

121  SOUTH  COLUMBUS  AVE.  MT.  VERNON,  N.Y. 


S/WCf 


PRESSURE  TRANSDUCER  Con¬ 
solidated  Electrodynamics  Corp, 
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REPRINT  SERVICE 
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360  Sierra  Madre  Villa,  Pasadena, 
Calif.,  is  offering  an  illustrated  bul¬ 
letin  describing  the  type  4-326 
strain  gage  pressure  transducer. 

CIRCLE  327  ON  READER  SERVICE  CARD 

VIDEO  CRYSTAL  RECEIVER 
Weinschel  Engineering,  10503  Met¬ 
ropolitan  Ave.,  Kensington,  Md., 
has  released  application  note  No.  5, 
“Microwave  Antenna  Pattern  Meas¬ 
urements  with  the  BA-7  Video 
Crystal  Receiver.” 

CIRCLE  328  ON  READER  SERVICE  CARD 

CERAMIC-TO-METAL  SEALING 
Wilbur  B.  Driver  Co.,  Newark  4, 
N.  J.  A  six-page  folder  describes 
Ceramiseal,  an  iron,  nickel,  cobalt 
alloy  specially  designed  and  suited 
for  ceramic-to-metal  sealing. 

CIRCLE  329  ON  READER  SERVICE  CARD 

COMMUTATOR-AMPLIFIER  San 
Diego  Scientific  Corp.,  3434  Mid¬ 
way  Drive,  San  Diego  10,  Calif.,  has 
published  a  brochure  describing  the 
Magne-Plexer,  a  solid  state  com¬ 
mutator-amplifier  for  millivolt  in¬ 
puts. 

CIRCLE  330  ON  READER  SERVICE  CARD 

RELAY  BULLETIN  Babcock  Re¬ 
lays,  Inc.,  1640  Babcock  Ave.,  Costa 
Mesa,  Calif.  Technical  bulletin  BR- 
595  describes  the  new  4-pole,  dou¬ 
ble  throw,  hermetically  sealed  BR- 
14  relay  series. 

CIRCLE  331  ON  READER  SERVICE  CARD 

VARIABLE  RESISTORS  Centra- 
lab,  900  East  Keefe  Ave.,  Milwau¬ 
kee  1,  Wise.,  has  available  a  new 
catalog  sheet  describing  its  line  of 
stock  model  7  linear  motion  variable 
resistors. 

CIRCLE  332  ON  READER  SERVICE  CARD 

HIGH  VACUUM  EVAPORATOR 
Vactronic  Lab.  Equipment,  Inc.,  21 
Monmouth  Court,  East  Northport, 
N.  Y.,  has  available  a  brochure  il¬ 
lustrating  and  describing  the  model 
No.  HVE-4000  portable  high  vac¬ 
uum  evaporator. 

CIRCLE  333  ON  READER  SERVICE  CARD 

R-F  FILTER  Devco,  Inc.,  East 
Longmeadow,  Mass.  A  technical  bul¬ 
letin  contains  complete  performance 
data,  attenuation  charts,  specifica¬ 
tions  and  applications  for  the  L-Cap 
low  cost  broad-band  r-f  filter.  Re¬ 
quests  for  copies  should  be  made  di¬ 
rect  to  the  company. 
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EN6INEERING 

WRITERS 


NON-SUPERVISORY  SALARIES  TO  $11,500 

Sone  of  the  most  challenging  and  rewarding  engineering 
writing  assignments  ever  offered  are  now  available  at 
Hughes-Fullerton  in  Southern  California. 


These  are  laportant  profession¬ 
al  positions  covering  the  entire 
spectruB  of  creative  writing  In 
the  technical  field: 


Military  Handbooks 
Technical  Proposals 
Engineering  Reports 
Sales  Engineering  Brochures 


Openings  at  all  levels  now  provide 
unparalleled  opportunities  for  Junior 
as  well  as  senior  engineering 
writers  on  advanced  projects  such  as; 

Fixed-array  Radar 

Digital  Computers 

Digital  Data  Processing  Systems 

Unique  Display  Systems 

Integrated  Missile  Defense  Systems 


BASIC  REQUIREMENTS  INCLUDE:  an  intense  professional 
interest  in  communications  in  all  media  -  from  films  to 
m2uiuals:  a  demonstrated  ability  to  convey  technical  infor¬ 
mation  and  ideas  to  a  specific  audience:  above-average 
technical  knowledge  and  interest;  education  and  experience 
equal  to  the  challenge  (college  degree,  or  equivalent  in 
engineering  writing  experience). 

Located  in  Southern  California's  Orange  County  (the  nation's 
fastest-growing  electronics  center),  Hughes-Fullerton  of¬ 
fers  you  a  stimulating,  professional  working  environment 
and  long-term  stability. 


call  collect  today! 

For  complete  Inforaatlon  on  these 
challenging  asalgnaents,  call  us 
(collect,  of  course)  right  now!  Ask 
for  Hr.  B.  P.  Raastack  at  TRoJan 
1-4080.  ext.  3741.  Or.  alraall  resuae 
to  HUGHES-FULLERTON,  P.O.  Box  2097, 
Fullerton  3,  California. 
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THt  MARK  Of  RILI  ABILITY 


to  chemists,  physicians  and  mem¬ 
bers  of  allied  professions.  However, 
in  the  world  of  electronics  research 
where  the  development  and  evalua¬ 
tion  of  new  and  improved  materials 
plays  a  significant  role,  this  volume 
provides  a  useful  and  reliable 
source  of  information  of  over 
10,000  descriptions  of  individual 
substances,  more  than  3,300  struc¬ 
tural  formulas,  and  about  30,000 
names  of  chemicals  and  drugs  al¬ 
phabetically  arranged  and  cross  in¬ 
dexed. 

Each  main  entry  indicates  the 
preferred  chemical  name,  common 
or  popular  names,  and  generic  and 
trade  names.  Trademark  listing  is 
as  complete  as  possible  and  thor¬ 
oughly  cross  indexed.  Properties 
and  sources  of  materials  preceded 
by  methods  of  preparation,  with 
literature  references,  are  given  fol¬ 
lowed  by  an  indication  of  uses. 
Hazards,  toxicities  and  other  safety 
factors  are  mentioned. 

Indication  is  given  of  commercial 
availability  and  grades,  such  as 
U.S.P.,  N.F.,  and  reagent.  Empiri¬ 
cal  formulas  are  given  for  all  chemi¬ 
cals  having  a  definite  structure. 
There  is  an  up-to-date  periodic  ta¬ 
ble  arranged  in  accordance  with  the 
latest  concepts  of  nuclear  science, 
a  table  of  international  "atomic 
weights  and  close  to  300  pages  of 
appendices  on  such  substances  as 
chromatographic  absorbents,  radio¬ 
active  isotopes,  percentage  solution 
tables,  isotonic  solutions,  and  atomic 
weights  and  their  multiples  and 
logs. 

This  is  the  latest  edition  of  a  ref¬ 
erence  work  that  is  extending  its 
audience  and  beginning  to  gear  its 
materials  data  with  information  of 
interest  to  the  electrochemist.  The 
price  is  reasonable,  since  Merck 
makes  this  available  at  cost  as  a 
service  to  those  dealing  with  mate¬ 
rials  and  compounds. — M.F.T. 


NEW  BOOKS 


Photochemistry  in 

the  Liquid  and  Solid  States 

Edited  by  L.  J.  HEIDT,  R.  S.  LIVING¬ 
STON,  E.  RABINOWITCH,  and  F. 
DANIELS 

Jo/in  Wiley  and  Sons,  Inc.,  New 
York,  N.  Y.,  1960,  174  p,  $6. 

WITH  the  advent  of  space  explora¬ 
tion,  a  great  deal  of  attention  has 
been  given  to  various  systems  capa¬ 
ble  of  storing  energy.  To  date  the 
vast,  inexpensive  source  of  energy 
— solar  radiation — is  still  open  for 
exploitation. 

This  collection  of  articles  is 
based  primarily  on  papers  pre- 
.sented  at  the  symposium  in  Ded¬ 
ham,  Mass.,  in  1957,  and  also 
contains  reprints  from  the  Journal 
of  Physical  Chemistry.  This  work 
states  the  radiant  flux  density 
and  spectral  distribution  of  the 
sun’s  radiation  incident  on  the 
earth,  the  criteria  for  suitable  pho¬ 
tochemical  reactions  and  methods 
of  absorbing  solar  radiation,  stor¬ 
ing  this  energy,  and  releasing  the 
stored  energy  when  needed.  Intrin¬ 
sic  limitations  with  respect  to 
known  photochemical  reactions  are 
discus.sed.  The  topics  comprise 
direct  and  sensitized  photochemical 
reactions,  luminescence  phenomena, 
kinetic  studies,  excited  states,  pho¬ 
tosynthesis  and  photoreactions  in 
the  solid  state. 

It  is  an  excellent  survey  of 
current  work  in  the  field  and 
should  prove  useful  as  supple¬ 
mentary  reading  in  formal  courses 
in  photochemistry  and  solid  state 
physics.  It  is  not  only  u.seful  to 
photochemists  and  solid  state 
physicists,  but  is  recommended  to 
the  biologist,  chemist  and  engineer 
interested  in  the  interaction  of 
radiation  with  matter  as  well  as 
practical  applications  of  the  form¬ 
er.— JOSEPH  RENNERT,  Senior 
Scientist,  Physics  Dept.,  Neto  York 
University,  New  York,  N.  Y. 


|BB|  ELEMENTS 
FOR  ALL 
APPLICATIONS 
AS  WELL  AS 
COMPLETE 

TRANSDUCER  ASSEMBLIES 
FOR  MOST  APPLICATIONS, 
SUCH  AS  UNDERWATER 
SOUND  AND 

VARIOUS  ORDNANCE  AND 
MISSILE  DEVICES.  A 


Sprague-developed  mass  production 
and  quality-control  techniques  assure 
lowest  possible  cost  consistent  with 
utmost  quality  and  reliability.  Here 
too,  complete  fabrication  facilities 
permit  prompt  production  in  a  full, 
wide  range  of  sizes  and  shapes. 

Look  to  Sprague  for  today's  most 
advanced  ceramic  elements  — where 
continuing  intensive  research  prom¬ 
ises  new  material  with  many  proper¬ 
ties  extended  beyond  present  limits. 


YOUR  INQUIRIES 
ARE  INVITED 


^rr  WRITE  FOR 
LITERATURE 


THUMBNAIL  REVIEWS 


Using  and  Understanding  Probes.  By 
R.  C.  Graf,  Howard  W,  Sams  & 
Co.,  Indianapolis,  Indiana,  1960, 
190  p,  $3.9.5.  A  comprehensive 
treatment  of  n  subject  usually  dealt 
with  only  as  an  adjunct  to  instru¬ 
ment  or  measurement  texts.  Well 
written  and  illustrated,  the  book 
contains  design  and  application  in- 


SPRAGUE  ELECTRIC  COMPANY 

35  Marshgit  Street,  North  Adorns,  Mast. 


Merck  Index  of  Chemicals 
&  Drugs  (Seventh  Edition) 

Merck  &  Co.,  Rahway,  New  Jersey, 
1960,  1,641  p,  $12. 

PREVIOUS  editions  of  this  widely 
used  reference  work  are  well  known 
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IT’S  READ  MORE 
BY  ALL  4! 


electronics  magazine  interprets  elec¬ 
tronics  for  electronics  men  every 
week.  The  latest  components,  eco¬ 
nomic  trends,  military  applications. 
Technical  data  you’ll  want  to  file  and 
keep.  Get  the  facts  first  with  a  per¬ 
sonal  subscription  (don’t  be  low  man 
on  a  routing  slip).  Mail  the  reader 
service  card  (postpaid)  to 
electronics,  the  magazine  that  helps 
you  to  know  and  to  grow!  Rates: 
three  years  for  $12,  one  year  for  $6 ; 
Canadian,  one  year  for  $10;  foreign, 
one  year  for  $20.  Annual  electronics 
BUYERS’  GUIDE  (single  issue 
price  $3.00)  included  with  every  sub¬ 
scription. 

subscribe  today  to 

electronics 

December  2,  1960 


CHECK  THE  LOW  COST  of  these 
new  printed  circuit  test  jacks 


n. 


For  .062  application  holes 
on  .400  centers 


'JVK’ 


Patents  pending 

Samples  on  request 

Ucinite’s  new  test  jack  is  designed  for  permanent, 
soldered  assembly  to  printed  circuit  boards.  Gold-over¬ 
silver-plated  beryllium  copper  contacts  provide  low- 
resistance  contact  for  repeated  insertions  of  standard 
.080"  diameter  test  probes.  Nylon  bodies  are  available 
in  eleven  standard  code  colors.  Uniquely  simplified 
construction  affords  economical  usage  in  all  quanti¬ 
ties.  Immediate  shipments  from  stock. 


The  UCINITE  COMPANY 

Division  of  UNITED-CARR  Fastener  Corporation 
Newtonville  60,  Massachusetts 
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Professional  Opportunities  Are  Available  For 

Electrical  Engineers 

with  interest  and  experience 
in  the  following  fields: 

•  Design  and  Development  of: 

Industrial  Electronics  and  Power 
Controls  and  Instrumentation 
Electronics 

•  Operation  &  Maintenance  of 

Nuclear  Devices 


For  information  please  write  to: 
Personnel  Manager 

Brookhaven 

National 

Laboratory 

UPTON,  LONG  ISLAND,  N.  Y. 


Jo  J  Ctatnftr 
^  A'sr&ar  Kaunt  ill 
-ji  ami  ‘Dmlafmrat  ■ 
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electronics  tills  you  in  on  every  phase 
of  the  electronics  industry  each  week 
featuring  engineering  and  technical 
data  every  issue.  Latest  economic 
trends,  technically  interpreted,  to 
help  you  make  sound  plans.  Facts 
you’ll  want  to  file  and  keep.  Sub¬ 
scribe  now.  Mail  the  reader  service 
card  (postpaid)  to  electronics,  the 
magazine  that  helps  you  to  know  and 
to  grow !  Rates :  three  years  for  $12, 
one  year  for  $6;  Canadian,  one  year 
for  $10;  foreign,  one  year  for  $20. 
Annual  electronics  BUYERS’ 
GUIDE  (single  issue  price  $3.00) 
included  with  every  subscription. 


formation  of  every  type  of  probe 
likely  to  be  encountered  in  any 
phase  of  electronics.  Signal  tracer 
and  injector,  demodulator,  rectifier, 
low-capacitance,  high-voltage,  and 
direct  and  isolation  probes  are  cov¬ 
ered.  Considerable  space  is  also 
devoted  to  medical,  radiation  de¬ 
tector,  industrial,  and  unusual  and 
specialized  probes.  Effect  of  a 
probe  on  instrument  operation  and 
safety  precautions  to  be  observed 
are  also  discussed.  Index  is  ex¬ 
ceptionally  complete  for  a  paper¬ 
back.  A  good  buy  for  anyone  using 
test  equipment,  especially  tech¬ 
nicians,  and  radio  and  tv  service¬ 
men. 


Mathematical  Methods  for  Digital 
Computers.  Edited  by  A.  Ralston 
and  H.  Wilf,  John  Wiley  &  Sons, 
Inc.,  New  York,  N.  Y.,  1960,  293  p. 
$9.  A  comprehensive  and  up-to- 
date  survey  of  numerical  methods 
for  use  with  digital  computers. 
The  chapter  organization  is  excel¬ 
lent,  presenting  each  method  from 
derivation  through  flow  chart. 
Time  estimates  and  error  analysis 
are  included  in  most  cases.  The 
methods  as  presented  are  appli¬ 
cable  to  any  general  purpose  com¬ 
puter  and  as  such  should  be  useful 
to  anyone  doing  analysis. 


For  high  power  transmitting 
tubes  such  as:  4X1 50A;  4X1  SOD; 

4X250B;  4CX250B;  7034; 

7035;  4X250F 

Molded  of  low  dielectric  loss- 
factor  Kel-F  plastic,  these  pop¬ 
ular  Johnson  sockets  are  desim^ 
to  handle  a  wide  selection  of  high 
power  transmitting  tubes. 
Sockets  are  available  in  several 
designs — with  or  without  screen 
grid  by-pass  capacitors.  Control 
md  contact  “guide”  is  machined 
for  greater  alignment  accuracy— 
all  contacts  are  low-resistance, 
silver-plated  beryllium  copper. 
Tube  pin  contacts  are  heat 
treated  to  provide  positive  con¬ 
tact  pressure  as  well  as  extended 
life— annealed  soldering  tabsmav 
be  easily  bent  or  formed.  High 
quality,  heat  resistant,  steatite 
chimney  also  available  to  direct 
air  flow  through  tube  cooling  fins. 

For  complete  specifications, 
write  for  Data  Sheet  755  ...  or 
our  newest  comix>nents  catalog, 
described  below. 


RESEARCH 


Traite  de  Television.  By  P.  Stroo- 
bants.  Ateliers  de  Constructions 
Electriques  de  Charleroi,  Charleroi, 
Belgium,  1960,  504  p  (Volume  1 
of  two).  A  thorough,  technical, 
often  mathematical  survey  of  tele¬ 
vision  transmission  principles  and 
techniques.  Well  illustrated  with 
photographs,  graphs  and  circuit 
diagrams.  International  bibliog¬ 
raphy  is  included  in  each  chapter. 
Interesting  for  comparison  of  Euro¬ 
pean  television  practice  against 
ours,  but  fundamentals  covered 
apply  to  both.  Volume  2  will  cover 
television  reception. 


DESIGN 


Thyratrons.  By  C.  M.  Swenne,  The 
Macmillan  Publishing  Co.,  New 
York,  N.  Y.,  1960,  73  p,  $3.  A  part 
of  the  Philips  Technical  Library, 
this  volume  is  being  published  si¬ 
multaneously  in  five  languages.  It 
is  a  basic,  descriptive  survey  of 
thyratrons  and  their  basic  uses, 
including  timer  and  inverter  cir¬ 
cuits.  Well  illustrated  with  photos 
and  diagrams,  but  European  cir¬ 
cuit  symbols  are  used. 


Bode  seckat  with 
(ilvar-plotad  broti 
movntinp  aoddla. 


Socket  with  mounting 
ring  and  tcroon  grid 
by-pou  copocitor. 


Writ*  today  for  our  nownt  I 
•lectronic  components  I  IBBHMM 

catalog  —  complete  j  fg  ■lilillllBalUlB 

specifications,  engineering 
prints  and  current  prices  on: 

•  Capacitors  •  Tube  sockets  •  Connecters  •  Pilot 
lights  •  Insulators  •  Knobs,  Dials  •  Inductors  • 
Hardware 


A  History  of  the  Theories  of  Aether 
and  Electricity.  By  Sir  Edmund 
Whittaker,  Harper  &  Brothers, 
New  York,  1960 — Vol.  I,  428  p, 
$1.95,— Vol.  II,  307  p,  $1.85.  This  is 


SUBSCRIBE  TODAY  TO 

electronics! 


E.  F.  JOHNSON  CO 


1809  2nd  Ave.  S.W.  •  Waseca,  Minn. 
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a  detailed,  critical  account  of  the 
theories  of  electricity  from  Aris¬ 
totle  to  Lorentz  in  Volume  I  and 
from  Rutherford  to  wave  mechan¬ 
ics  in  Volume  II.  It  traces  the  ever- 
increasing  complexity  of  man’s 
idea  of  nature,  paralleling  his 
growth  of  practical  knowledge  and 
mathematical  sophi.stication.  Any 
work  on  this  subject  needs  to  be 
highly  mathematical,  but  here  the 
necessary  mathematics  is  made 
clear  at  each  stage,  resulting  in  a 
clear  and  logical  development.  An 
excellent  book  for  those  with  in¬ 
terest  in  mathematics  or  physics, 
or  both. 

Fluid  Power  Control.  Edited  by  John 
F.  Blackburn,  G.  Reethof  and  J.  L. 
Shearer,  published  jointly  by  The 
Technology  Press  of  M.I.T.  and  John 
Wiley  and  Sons,  Inc.,  New  York, 
1960,  710  p,  $17.50.  Eleven  authors 
have  written  papers  on  various  as¬ 
pects  of  high  pressure,  fluid  power 
components  and  systems.  In  high 
performance  servos,  fluid  power 
actuators  with  operating  pressures 
to  5,000  psi  and  higher  have  several 
advantages  over  electromechanical 
devices.  The  fluid  operator  is  typi¬ 
cally  much  faster,  gives  a  stiffer 
system  and  may  have  a  torque-to- 
inertia  ratio  several  thousand  times 
better.  The  book  is  primarily  for 
those  who  are  designing  high  pres¬ 
sure  circuits  and  devices  hut  it 
should  also  be  useful  to  those  in 
systems  or  servo  w’ork. 

Practical  Auto  Radio  Service  and  In¬ 
stallation.  By  Jack  Greenfleld, 
Gemsback  Library,  Inc.,  New  York, 
156  p,  $2.95.  This  book  has  been 
prepared  for  the  practical  service¬ 
man  and  covers  the  various  types 
of  auto  radios  from  conventional 
vacuum  tube  through  hybrids  to  all 
transistor  types.  Installation,  re¬ 
moval,  trouble-shooting  and  repair, 
interference  suppression  and  vari¬ 
ous  types  of  power  supplies  are  ex¬ 
plained.  Although  emphasis  is 
placed  on  the  practical  side  of  auto 
radios,  theory  is  included  as  an  aid 
to  service  and  troubleshooting. 

Nucleonics  Fundamentals.  By  David  B. 
Hoisington,  McGraw'-Hill  Book  Co., 
Inc.,  New  York,  410  p,  $9. .50.  This 
is  a  survey  of  nuclear  physics  and 
engineering  that  is  not  highly 
mathematical.  It  should  be  useful 
to  electronics  engineers  as  an  intro¬ 
duction  to  the  subject  or  as  a  refer¬ 
ence  source.  Topics  discussed  are 
particle  accelerators,  instrumenta¬ 
tion,  reactors,  thermonuclear  power 
and  nuclear  explosives.  Sample 
problems  (with  answers  are  given.) 
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YITREOSIL' 


PURE 

FUSED 

quartz: 


IDEAL  FOR 

SEMI-CONDUCTOR  METALS 


Our  unique  process  enables  us  to  sup¬ 
ply  semi-conductor  quality  VITREOSIL 
to  close  tolerances  in  crucibles  and 
special  fabricated  shapes.  Write  us 
about  your  requirements.  See  our  ad 
in  Chemical  Ensineerinf  Catalo|. 

SPECTROSIl! 


FOR  HYPER-PURITY  IN 
SEMI-CONDUCTOR  WORK 


PURITY -purest  form  of  fused  silica 
TRANSPARENCY  —  unique  optical  properties 
H0M06ENEITY  -  ceiupietely  hmnogeneous 
and  free  from  granularity 
AVAILAIILITY  —  hleck  Material  for  lenses, 
prisms,  etc;  rad,  fiber,  mel;  ballew 
ware  as  tubing,  crucibles,, and  special 
apparatus. 


WrUu  for  Mwtfrortd  evtolog. 


THERMAL  AMERICAN 
EUSEO  QUARTZ  CO.,  INC. 


18-70  Solem  Sf  Dover.  N  J 


A  compact  lino  —  designed 
to  offer  higher  current  carrying 
capacity  in  less  spacel 

Excellent  for  commercial  and  military 
transmitters,  electronic  heating  or 
medical  equipment— designed  to 
occupy  a  minimum  amount  of  space 
with  the  greatest  possible  current 
carrying  capacity.  All  units  in  the  line 
are  extremely  rugged,  effectively  in¬ 
sulated  for  low-loss.  Fixed  and  varia¬ 
ble  types— wire-wound,  edgewise- 
wound  and  tubing-wound  for  high  or 
low  power  applications. 


“234"  SERIES- For  high 
pow*r  RP  oppliccrttent. 
and  copp«r  tubing^* 
unitf  or«  •tp*ciolly  ait- 
tign*d  to  Kondio  hoovy  cur* 
root  in  continuous  duty. 
Hoovilv  silvtr*plotod  con* 
toct  whool.  Cost  oluminum 
ond  fromos  ond  gloss 
bondod  mica  support  bors. 

"702**  SiRIES  FIXED  COIlS 
—  Largo  surfoco  oroo  V4**» 
ond  coppof  tubing 
wound  coils.  Low  loss -* 
lowor  oporoting  ton$pora- 
turos  for  continuous  duty^ 
high  curront  opplicotions. 
Simpio,  ruggod  *'oirwound" 
dosign  with  gloss  bondod 
mico  support  bors. 


In  oddition  to  tho  inductors  doscribod  obevog 
Johnson  dosigns  ond  nsonufocturos  o  wido 
rongo  of  spociol  purposo  inductors  for  Indus* 
trial  opplicotions  -*  from  smoll  wiro-wound 
typos  to  hoovy  tubirsg- wound  coils  with  curront 
corryirsg  copocitios  up  to  100  omporos.  Johnson 
oiso  monufocturos  o  comploto  lino  of  hoovy 
duty  RP  compononts»  such  os:  RP  contoctors; 
tewor  lighting  filtors;  isolotion  filtors;  or»d  phoso 
sompiing  loops.  Writo  to  iroodcost  Solos  Dopt. 
for  full  informotion. 


/l/e4(/0ata^ 

Writ,  tofloy  fw  our  iMwMt 
.iMtrenic  compoMnH 
catalog  —  compl.t. 
tpKificatlons,  OTtgioMring 
printi  af«d  cwrrMt  pricM  on: 


•  Copadtcrt  •  Tab.  tochM*  •  CMMWctorc  •  Fil.t 
;  llgliti  •  lat.lot.rt  *  Koabk,  Oiah  •  Iw4act.rt  • 
NoNKtror. 


I.F.  JOHNSON  CO. 

1912  2nd  Ava.  S.W.  •  Womco.  Minn. 
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PEOPLE  &  PLANTS 


R&D  Paces  Hewlett-Packard  Expansion 


COINCIDENT  with  the  20th  anniver¬ 
sary  of  its  founding,  Hewlett-Pack¬ 
ard  Co.  of  Palo  Alto,  Calif.,  recently 
celebrated  completion  of  its  new 
$4.5-million  plant  in  Stanford  In¬ 
dustrial  Park.  Situated  on  a  .50- 
acre  hilltop  site,  the  four-building 
complex  provides  a  total  floor  area 
of  387,600  sq  ft  and  houses  2,300 
of  H-P’s  3,000  employees. 

One  of  the  world’s  largest  manu¬ 
facturers  of  electronic  measuring 
equipment,  the  company  boasts 
sales  of  $44,777,000  for  the  first 
nine  months  of  the  current  fiscal 
year.  Earnings  totaled  $3,349,000, 
or  35  percent  higher  than  the  like 
period  for  ’59.  Product  line  includes 
some  400  precision  instruments  for 
measuring  voltage,  current,  fre¬ 
quency,  power,  resistance,  and  other 
electrical  quantities.  Indicative  of 
the  evolutionary  nature  of  H-P’s 
business:  65  percent  of  last  year’s 
gross  stemmed  from  products  devel¬ 
oped  since  1954.  Introduction  of  20 
new  instruments  per  year  is  not  un¬ 
usual  for  this  R&D-oriented  firm. 

Typical  of  extreme-accuracy  in¬ 
struments  coming  from  H-P  labs  is 
its  recently  developed  primary  fre¬ 
quency  and  time  standard,  com¬ 
posed  of  three  basic  instruments. 
Designed  to  hieet  stringent  require¬ 
ments  for  accurately  determining 
frequency  and  time,  the  standard 
will  be  used  in  such  fields  as  .space 
navigation,  satellite  tracking  and 
missile  guidance.  Degree  of  accu¬ 
racy  is  stated  in  parts  per  billion, 
or  ten  billion,  rather  than  in  frac¬ 
tions  of  a  percent.  The  new  device 
is  stable  within  five  parts  in  10  bil¬ 
lion  per  day,  and  can  be  adjusted  in 
increments  of  one  part  in  10  billion. 


the  company  says. 

Headed  by  Bernard  M.  Oliver, 
H-P’s  aggressive  R&D  staff  in¬ 
cludes  -some  160  graduate  engi¬ 
neers,  half  of  whom  hold  advanced 
degrees.  Last  year’s  R&D  expendi¬ 
ture  topped  $3  million,  15  times 
that  of  1950,  and  approximately  7 
percent  of  gross  sales. 

Equally  aggressive  is  the  com¬ 
pany’s  foreign  effort.  Today  ap¬ 
proximately  15  percent  of  total  sales 
comes  from  abroad.  “We’ve  en¬ 
joyed  good  acceptance  of  our  prod¬ 
ucts  overseas  and  are  now  selling 
in  over  30  foreign  countries,’’  re¬ 
ports  president  David  Packard. 
“Our  European  marketing  activi¬ 
ties  are  coordinated  by  a  re¬ 
cently-established  subsidiary.  Hew¬ 
lett-Packard,  S.  A.,  which  is 
headquartered  in  Switzerland.  An¬ 
other  subsidiary,  Hewlett-Packard 
G.m.b.H.,  operates  our  manufactur¬ 
ing  plant  in  Germany.’’ 

Hewlett  -  Packard  subsidiaries 
within  the  U.  S.  include  the  Boon- 
ton  Radio  Corporation,  Boonton, 
N.  J.;  F,  L.  Moseley  Co.;  Pasadena, 
Calif.,  and  Palo  Alto  Engineering 
Company,  Palo  Alto.  The  company’s 
Dymec  division,  designers  and  man¬ 
ufacturers  of  data  processing  and 
radar  simulator  systems,  is  also 
located  in  Palo  Alto. 

H-P  stockholders  recently  voted 
a  three-for-one  stock  split  to  form 
a  wider  base  of  stock  ownership. 
The  split  was  accomplished  by  a 
200  percent  stock  dividend  paid  on 
September  15th. 

“Our  wider  base  of  ownership 
helps  qualify  the  company’s  stock 
for  listing  on  the  New  York  Stock 
Exchange,’’  Packard  said.  “Deci¬ 


sion  to  apply  for  listing,  however, 
will  be  deferred  until  our  Board  of 
Directors  has  had  an  opportunity 
to  review  the  fiscal  year’s  operation 
which  ended  October  31.’’ 

While  a  large  majority  of  the 
company’s  employees  are  now  at  the 
new  Stanford  plant,  operation  at 
the  former  facility  on  Page  Mill 
Road  in  Palo  Alto  is  continuing. 
Recently  opened  is  a  small  manufac¬ 
turing  facility  in  Loveland,  Colo., 
about  55  miles  north  of  Denver. 

Silicon  Transistor 
Appoints  Krasny 

APPOINTMENT  of  Jerrold  Krasny 
to  the  position  of  applications  en¬ 
gineer  has  been  announced  by  Rob¬ 
ert  L.  Ashley,  president  of  Silicon 
Transistor  Corp.,  Carle  Place,  N.Y. 

Krasny  joined  STC  after  five 
years  with  Sperry  Gyroscope  Co., 
marine  division,  Syosset,  N.Y. 


Shure  Brothers  Names 
Section  Manager 

APPOINTMENT  of  Otto  Fried  as 
manager  of  the  electronic  circuits 
section  was  recently  announced  by 
Shure  Brothers,  Inc.,  Evanston,  Ill. 

He  was  formerly  chief  engineer 
of  Knight  Electronics  Corp.,  Chi¬ 
cago.  He  has  also  served  in  the 
engineering  departments  of  Zenith 
Radio  Corp.  and  Allied  Radio  Corp. 

DI/AN  Controls  Sets  Up 
West  Coast  Facility 

ROBERT  D.  KODIS,  president  of 
DI/AN  Controls,  Inc.,  of  Boston, 
Mass.,  has  announced  the  establish¬ 
ment  of  DI/AN  Controls  of  Calif¬ 
ornia,  Inc.  The  new  laboratory  and 
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INERTIAL 

ENGINEERING  The  Litton  LN-3  Inertial  Navigation  System  is  a  system  in 

being.  Production  orders  for  this  system  to  be  used  in  the 
F-I04  are,  to  the  best  of  our  knowledge,  larger  in 
tj  X  X  X  number  than  those  for  any  other  inertial  guidance  system. 
The  LN-3,  consisting  of  a  two-gyro,  four-gimbal  platform,  computer,  adapter,  and  controls  weighs 
less  than  80  pounds  installed.  Even  smaller  systems,  designed  for  orbital  and  sub-orbital  guidance, 
are  in  development.  These  will  weigh  less  than  half  as  much  as  systems  now  in  production. 

Do  you  have  experience  applicable  to  the  integration  of  developmental  inertial  guidance 
and  computer  sub-systems  into  functioning  prototype  systems?  Can  you  evaluate  performance 
in  such  systems  with  a  view  toward  increasing  system  capabilities  even  further?  If  so, 
contact  Mr.  Donald  A.  Krause  of  our  Research  and  Engineering  Staff  regarding  your 
interests.  You  can  share  in  generous  employee  benefits,  including  stock  purchase  and 
tuition-paid  education  plans.  Relocation  assistance  is  provided. 


m  LITTON  SYSTEMS,  INC. 

GUIDANCE  &  CONTROL  SYSTEMS  DIVISION 

Beverly  Hills,  California 


I 


A  servo  amplifier  plug-in  module  in 
LN-3  Computer  is  discussed  by  Harold 
.  Erdley,  left.  Vice  President,  Litton 
Systems,  Inc.,  and  Director,  Guidance 
Systems  Laboratory  and  Nathan  P.  White, 
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CIRCUIT 

PARAMETERS 


HOW  m  CAN  YOU  TEST 
Circuit  Design  Reliability? 

4 1*  16  Tests 
Bh  256  Tests 


12 


'4,096  Tests 


16 


65,536  TESTS 


1  5  10 

MINUTES 


Yes,  you  can  test  all  combinations  of  high  and  low  values  of  as  many  as 
16  circuit  parameters  in  less  than  11  minutes! 


Write  today  for  informative  8-page  Brochure. 


AIRBORNE 

INSTRUMENTS 

LABORATORY 


DEER  PARK,  LONG  ISLAND,  NEW  YORK 

A  DIVISION 

OF  CUTLER-HAMMER,  INC. 
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123,335  Shares 

Metcom,  Inc. 

Common  Stock 


Price  $6.00  per  share 


Copies  of  the  Prospectus  mav  he  ohcained  in  an>  State  oniv  from  such 
dealers  participating  in  this  issue,  including  the  undersigned,  as  may 
legally  offer  these  Securities  under  the  securities  lau-s  of  such  State. 


Hayden,  Stone  &.  Co. 


manutaetiiritiK  facility  is  situated 
in  Mountain  View,  Calif. 

This  is  the  first  out  of  state  ex¬ 
pansion  for  the  2i  year  old  Boston 
firm,  which  now  shows  a  growth  of 
100  percent  in  11  months  of  op¬ 
eration. 

Henry  L.  Gorgas  will  head  the 
new  laboratory  and  engineering 
staff  in  the  capacity  of  general 
manager.  It  is  planned  that  the 
engineering  staff  of  the  new  plant 
will  reach  25  by  the  end  of  its  first 
year  of  operation. 


Mechtron  Division 
Opens  New  Facility 

.A  NEW  FACILITY  devoted  exclusively 
to  the  production  of  cable,  cable 
assemblies  and  harnesses,  has  been 
opened  by  the  Mechtron  Division 
of  Tensolite  Insulated  Wire  Co., 
Inc.,  Pei'kskill,  N.Y.  The  new  7,500 
sq  ft  facility  is  in  addition  to  the 
other  Mechtron  plant  in  that  city 
which  is  devoted  to  the  production 
of  Teflon  and  other  specialty  mag¬ 
net  wire  constructions. 


Whitbread  Takes  Over 
Newly  Created  Post 

GEORGE  P.  WHITBREAD  has  been  ap¬ 
pointed  to  the  newly  created  posi¬ 
tion  of  product  manager,  insulating 
materials,  at  Telecomputing  Cor¬ 
poration’s  Narmco  Industries  Ma¬ 
terials  division,  Costa  Mesa,  Calif. 
He  was  formerly  chief  chemist  at 
Telecomputing’s  electronic  com¬ 
ponents  division. 


Ross  E.  Hupp  Enters 
Consulting  Field 

ROSS  E.  HUPP  has  resigned  as  gen¬ 
eral  manager  of  the  Erie  Pacific 
division  of  Erie  Resistor  Corp.  to 
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establish  an  engineering  consulting 
firm  in  the  Los  Angeles  area. 

He  will  devote  a  substantial  por¬ 
tion  of  his  time  in  a  consulting 
capacity  for  both  development  and 
engineering  service  to  Erie  Pacific 
and  its  customers. 


ROHN 

COMMUNICATION 
TOWER . 


iitlitiw  tmflUitf 


Stromberg-Carlson 
Appoints  Orpin 

L.  H.  ORPIN  has  been  named  general 
manager  of  Stromberg-Carlson, 
San  Diego.  S-C,  which  has  head¬ 
quarters  in  Rochester,  N.  Y.,  is  a 
division  of  General  Dynamics  Corp. 

Orpin  rejoins  the  company  after 
a  separation  of  about  a  year,  dur¬ 
ing  which  time  he  served  as  man¬ 
ager  of  planning  for  defense  prod¬ 
ucts  for  the  Radio  Corp.  of  Amer¬ 
ica.  He  previously  was  director  of 
plans  and  programs  at  Stromberg- 
Carlson,  in  Rochester,  from  1957  to 
1959. 


how  to  see 
high  impedance 
ac  signais 


The  Keithley  Model  102B  Amplifier 

combines  a  4(X)-megohm  input  with  high 
gain  and  low  noise.  It  sharply  reduces  circuit 
loading  errors  when  measuring  outputs  from 
accelerometers  and  other  piezo-electric 
devices.  It  also  has  many  uses  in  studies  on 
hearing  aids,  phonograph  pick-ups,  and 
microphones. 

Features  of  the  Model  I02B  are:  decade 
gains  from  0.1  to  1000,  selectable  band- 
widths  of  2  cps  to  l.SO  kc  and  2  cps  to  1.7 
me,  and  a  5-volt,  50-ohm  output  for  scopes 
and  recorders.  Other  features  include: 


•k  This  extremely 
heavy  duty  tower 
is  designed  for  a 
wide  variety  of 
communications  of 
ail  kinds. 

*  This  No.  60 
ROHN  tower  is 
suitable  for  height 
up  to  490  feet  when 
properly  guyed  and 
installed. 

*  Completely  hot- 
dipped  zinc  galva¬ 
nized  after  fabrica¬ 
tion. 

k  Designed  for 
durability,  yet  eco¬ 
nomical  —  easily 
erected  and 
shipped.  ROHN 
towers  have  excel¬ 
lent  workmanship, 
construction  and 
design.  Each  sec¬ 
tion  is  10  feet  in 
length. 


Litton  Fills  European 
Executive  Post 


•  input  impedance  of  400  megohms,  shunted 
by  3  tint. 

•  iow  noise  level,  below  10  nv  from  10  cps  to 
150  kc  at  maximum  gain. 

•  gain  accuracy  of  156  at  midband  for  all 
gain  settings. 

•  rise  time  of  0.3  it  sec  at  highest  gain. 

•  two  accessory  low  capacitance  probes 
available. 


ROY  E.  WOENNE,  who  haa  been  manu¬ 
facturing  director  of  the  electron 
tube  division  of  Litton  Industries, 
San  Carlos,  Calif.,  has  been  named 
vice-president  and  technical  direc¬ 
tor  of  Litton  World  Trade  Corp., 
with  headquarters  in  Zurich,  Swit¬ 
zerland. 


Shown  obovo  it  o  ROHN 
No.  600  towor  uttd  for 
FM  broodcottin^,  instollod 
to  o  hoight  of  300  foot. 


Writ*  today  for  Catalog  6,  containing  detailed 
information  on  the  Model  102B. 


Marshall  Industries 
Forms  Ne\v  Subsidiary 

MARSH.ALL  INDUSTRIES.  INC.  has  an¬ 
nounced  the  formation  of  a  new 
subsidiary,  Marshall  Laboratories, 
in  Torrance,  Calif.,  to  engage  in  the 
development  and  manufacture  of 
electronic  equipment  for  the  missile 
and  space  vehicle  industry. 

President  of  the  new  firm  is 


Dvtaih  and  complata  anginaaring  tpoclilca- 
tiom  gladly  »anl  aa  ragatt*.  Aha  ROHN  rop- 
ratanloflvai  ara  caa«t-fa-caa(t  fa  ottiff  ya«. 


Write-Phone-  Wire  Today! 


ROHN  Manufacturing  Co, 

|671t  W.  Monk  Rood, 
Rporki,  lllinoig 
Phon*  7>M16 

“Pioneer  Manufacturers  of 
Towers  of  All  Kinds” 


EUCI-ID  AVEIM<_IE 
CLEVELAMD  ©.  O IH  I  O 
716  ON  READER  SERVICE  CARD 
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Stuart  Baker,  formerly  associated 
with  Space  Technology  Labora¬ 
tories.  Other  members  of  the  man¬ 
agement  group  are:  George  M. 
Barr,  marketing  manager;  George 
M.  Takahashi,  electronic  develop¬ 
ment  division  manager;  and  Robert 
R.  Morgan,  production  division 
manager. 


lialimited 


Louis  Pacent  Rejoins 
Emerson  Radio 


LOUIS  G.  PACENT  has  rejoined 
Emerson  Radio  &  Phonograph 
Corp.,  Jersey  City,  N.J.,  as  vice 
president,  manufacturing  subsid¬ 
iaries.  He  was  vice  president,  en¬ 
gineering  and  manufacturing,  prior 
to  his  leaving  the  company  in  1958. 

During  his  absence  from  Emer¬ 
son,  Pacent  and  his  brother,  Homer 
C.  Pacent,  devoted  their  efforts 
toward  improving  the  operation 
of  their  privately  owned  enter¬ 
prise,  the  Pacent  Engineering  Co., 
of  which  Louis  was  president. 


Lockheed 


Lockheed  is  constantly  probing  all 
sciences  related  to  aircraft  and 
space  projects.  Therefore,  its  pro¬ 
gram  diversification  is  unusually 
broad,  its  opportunities  for  crea¬ 
tive  men  exceptional. 

Fields  of  endeavor  cover  the 
complete  spectrum  —  from  human 
engineering  through  celestial  me¬ 
chanics.  Consider  these  interesting 
areas  under  investigation: 

Design  and  development  of  data 
processing  equipment;  V/STOL 
design  and  development;  electro¬ 
magnetic  research  in  corona  and 
high-altitude  breakdown  studies, 
surface  wave  generation,  antenna 
vehicle  interaction,  millimeter 
wave  radiometry;  electrical  instru¬ 
mentation;  infrared  and  solid  state 
physics;  biophysics  research  (on 
radiation  hazards  coincident  with 
space  flight);  solid  state  elec¬ 
tronics;  aerothermodynamics; 
dynamics;  autocontrols;  and 
servosystems. 

Scientists  and  Engineers:  If  you 
qualify  for  work  in  any  of  these 
areas;  if  you  want  to  grow  with  a 
company  that  is  expanding  on  all 
fronts  — write  today  to:  Mr.  E.  W. 
Des  Lauriers,  Manager  Profes¬ 
sional  Placement  Staff,  Dept.  IS  12, 
2408  No.  Hollywood  Way,  Bur¬ 
bank,  California. 


Atlas  Engineering 
Erecting  New  Plant 

NORMAN  SCOTCH,  vice  president  of 
the  Atlas  Engineering  Co.,  Inc., 
announces  the  construction  of  a 
new,  ultra-modern  plant  in  Rox- 
bury.  Mass.  Completion  date  is 
scheduled  for  early  February,  1961. 

The  new  facilities  will  include 
36,000  sq  ft  of  manufacturing  area 
— making  Atlas  Engineering  one  of 
the  largest,  independent,  tran.s- 
former  manufacturing  plants  in  the 
country,  according  to  Scotch. 


electronics  magazine  covers  engi¬ 
neering  and  technically  interpreted 
market  trends  every  week.  Govern¬ 
ment,  military  and  economic  devel¬ 
opments,  new  applications,  and  tech¬ 
nical  data  you’ll  want  to  file  and  keep. 
Subscribe  now  and  read  it  first  (don’t 
be  low  man  on  a  routing  slip).  Mail 
the  reader  service  card  (postpaid)  to 
electronics,  the  magazine  that  helps 
you  to  know  and  to  grow!  Rates: 
three  years  for  $12 ;  one  year  for  $6 ; 
Canadian,  one  year  for  $10;  foreign, 
one  year  for  $20.  Annual  electronics 
BUYERS’  GUIDE  (single  issue 
price  $3.00)  included  with  every  sub¬ 
scription. 

subscribe  today  to 


LOCKHEED 


CALIFORNIA  DIVISON 


AIL  Picks  R.  H.  Close 
As  Division  Director 


AIRBORNE  INSTRUMENTS  LABORA¬ 
TORY,  Deer  Park,  N.Y,,  a  division 


1 


research 


design 


production 


management 


electronics  buyers*  guide 

and  REFERENCE  ISSUE 


of  Cutler-Hammer,  Inc.,  has  ap¬ 
pointed  Richard  N.  Close  to  the 
position  of  director,  apparatus  di¬ 
vision. 

Prior  to  this  appointment  Close 
was  the  program  director  of  AIL’s 
multi-million  dollar  AN/USD-7 
program. 


General  Atronics  Names 
Executive  V-P 


GEORGE  J.  LAURENT  has  been  named 
executive  vice-president  of  General 
Atronics  Corp.,  Bala-Cynwyd,  Pa. 

Laurent,  who  has  served  as  vice- 
president  and  secretary-treasurer 
of  the  research  and  consulting  firm 
since  he  figured  in  its  founding  five 
years  ago,  also  is  president  of 
Atronic  Products,  Inc.,  a  subsid¬ 
iary  of  General  Atronics  Corp. 


Meridian  Metalcraft 
Elects  Stems  V-P 


Edited  and  refined  by  the  daily  experience  of  users  for 
20  years.  Unmatched  for  accuracy  and  completeness. 
Major  corporations  frequently  order  extra  copies  in 
addition  to  the  hundreds  of  copies  already  received  by 
employees  who  are  regularly  paying  subscribers  to 
electronics.  The  BUYERS’  GUIDE  is  equally  useful  to 
men  in  research,  design,  production  and  management. 
Gives  more  information  in  less  space. 

gives  more  to  all 


WILLIAM  G.  STERNS,  chief  engi¬ 
neer  of  Meridian  Metalcraft,  Inc., 
Whittier,  Calif.,  was  recently  elec¬ 
ted  vice  president,  engineering. 

Sterns  has  been  with  Meridian 
Metalcraft,  designers  and  manu¬ 
facturers  of  microwave  equipment, 
for  approximately  3  years.  He 
was  appointed  chief  engineer  early 
in  1959.  As  vice  president,  he  will 
.<»upervise  the  company’s  research, 
design  and  development  activities. 


December  2,  1960 
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Q/f!attonal' 


Presents  opportunities 
for  personnel  qualified  for 
the  following  openings 
located  at  Dayton,  Ohio 


RESEARCH  &  DEVELOPMENT 

I  _ 


DATA  TRANSMISSION  ENGINEER:  For  advanced  plan¬ 
ning  in  ON-LINE  REAL  TIME  SYSTEMS.  Applica¬ 
tions  would  generally  be  focused  on  large-scale 
business  and  finance  o|)erations.  Appropriate  engi¬ 
neering  degree  and  6-10  years  of  experience  necessary. 

RESEARCH  PHYSICIST:  ph.D.  Physicist  with  2-3  years 
minimum  experience  in  semi-conductor  R  &  D. 

PHYSICAL  CHEMIST:  Ph.D.  with  interest  in  Materials 
R  &  D.  Experience  beyond  doctoral  work  required. 

MAGNETICS:  Ph.D.  Physicist  with  primary  interest  in 
magnetics  research,  experience  beyond  doctoral  work 
required. 

SYSTEMS  ENGINEER:  B.S.  or  M.S.  in  Electrical  Engi¬ 
neering  with  interest  in  development  of  business 


machine  systems  with  3-6  years  of  experience  which 
should  include  some  advanced  circuit  design  prefer¬ 
ably  for  Computer  Development,  but  other  may  suffice. 

DIGITAL  COMMUNICATIONS  PROJECT  LEADER:  6-10 
years,  experience  in  military  R  &  D  projects  related 
to  Digital  Communications.  Background  in  circuits 
or  systems  desirable  as  well  as  some  supervision. 

OPERATIONS  RESEARCH  SPECIALIST:  With  interest  or 
experience  in  Business  Systems  Research.  Must  have 
utilized  advanced  OR  techniques,  prefer  Ph.D.  or 
equivalent.  Position  entails  research  group  guidance 
involving  interrelated  complex  business  functions. 

ANALYST-PROGRAMMER:  Experienced  in  conducting 
data  processing  feasibility  studies  for  business  sys¬ 
tems  applications. 


ELECTRONIC  DATA  PROCESSING 


PROGRAMMERS 

DATA  PROCESSING  CENTER:  Opportunities  exist  in  our 
centers  at  Dayton,  Ohio  and  New  York  City.  Work 
involved  is  varied  and  challenging  involving  pro¬ 
gramming  for  our  304  large-scale  computer.  Advance¬ 
ment  and  growth  potential  for  above-average  per¬ 
sonnel.  Applicants  should  have  at  least  two  years’ 
programming  experience  and  a  B.S.  degree  in  Busi¬ 
ness  Administration  or  Mathematics  or  equivalent. 

Ta|)e  systems  background  desired. 

SALES  SUPPORT:  At  least  two  years  of  programming 
experience  plus  B.S.  or  M.S.  in  Business  Administra¬ 
tion  or  Mathematics  will  qualify  for  challenging  work 
with  EDP  sales  organization.  Opportunities  are  varied 
and  include: 

Programming 
Manual  Writing 
Systems  Analysis 
Programming  Research 
Programming  Instruction 

THE  NATIONAL  CASH  REGISTER  COMPANY,  oavton  9,  Ohio 


ONE  OF  THE  WORLD'S  MOST  SUCCESSFUL  CORPORATIONS 


76  YEARS  OF  HELPING  BUSINESS  SAVE  MONEY 


FOR  THESE  and  other  opportunities  including: 
Senior  Electronic  Design  Engineer 
Mathematician  (Ph.D) 

Technical  Writer 

Chemical  Engineer  <  Development) 

Mechanical  Engineer  (M.S.  applied  mechanics) 

WRITE  NOW  TO: 

T.  F.  Wade 

Technical  Placement  Fl  1  -2 

The  National  Cash  Register  Company 

Main  and  K  Street,  Dayton  9,  Ohio 


*  TRADEMARK  REG.  U.«.  PAT.  OFF. 

O/fjotUmaZ* 

fifCrtONIC  DAM  PtOCfSSINS 
DIVltSintD  CNfMICAl  FtODOCTS 
ADDfNE  MACHIMIS  •  CASH  HtSISTtfS 
ACCOHHTIHS  MACHIHtS  •  NC*  PAPM 


114 


electronics 


EMPLOYMENT  OPPORTUNITIES 


MK-3CTP  vehici* 
on  mount  for 
antenna  pattern 
measurement,  j 


Unique  electronic 
components  suc¬ 
cessfully  flight 
tested  on  ICBM 
re-entry  vehicle 
control  systems. 


A  Diversity  of  Current  Projects 

Continuing  an  outstanding  record  of 
achievements  that  includes  the  first  re- 
cooery  of  a  space  nehicle  from  orbit,  and 
the  first  flight  demonstration  of  cffectioe 
space  oehicle  stabilization  control  and 
naoigation,  MSVD  electronics  engineers 
are  currently  working  in  such  areas  as: 

Quick-launching  Support  Systems  •  Inertial 
Naviga^^n  Equipment  •  High  Density  Pack¬ 
aging  •  Stabilization  Controls  •  Space-to- 
ground  Communications  Systems  •  Orbit 
Ejection  Controls  •  Instrumentation  for  Nose 
Cones  •  Space  Power  Supplies  •  Satellite 
Telemetry  Tracking  &  Command  •  Digital 
Computers  •  Circuit  Design  for  Space  Appli¬ 
cation  •  Electronic  Navigation  Techniques 


Analytical  Studies 
in  satellite  orbit 
control  and  spacs 
navigation. 


ELECTRONICS 

ENGINEERS 


Whether  or  not  you’ve  had  specific 
experience  in  space  electronics,  you 
Q  may  be  able  to  go  right  to  work 
at  MSVD  on  some  of  the  most 
sophisticated  and  technologically 
exciting  projects  in  the  entire  space 
field  — from  ICBM  re-entry  vehicles 
to  operational  space  craft. 

The  work  here  is  at  the 

very  edge  of  the  state  msousas 

of  the  art,  transform-  X  I" 

ing  the  latest  re-  t 

search  discoveries  I  , 

into  workable  engi-  ™ 

neering  solutions.  \ 

You’ll  be  concerned 
with  new  advances  in 
plasma  physics,  thermo¬ 
electric  phenomena,  telemetry... 
with  radical  new  requirements  in 
micro-miniaturization,  space  to 
weight  reductions,  performance  effi¬ 
ciency  . . .  with  an  entirely  new  order 
of  reliability  specifications  to  assure 


Today,  engineers  with  TV  and  radio 
experience  are  working  on  missile 
and  space  vehicle  payload  problems 
at  GE’s  Missile  &  Space  Vehicle  De¬ 
partment  . . .  others  are  applying  their 
knowledge  of  radar  to  space  com¬ 
munications. ..men  with  aircraft 
navigation  experience  are  concen¬ 
trating  on  advanced  guidance  and 
control  systems  for  interplanetary 
space  vehicles ...  In  fact,  engineers 
with  experience  in  practically  every 
area  of  electronics  have  transferred 
their  technical  knowledge  directly  to 
space  problems. 


MISSILE  &  SPACE  VEHICLE  DEPARTMENT 


GENERAL 


ELECTRIC 


3198  Chestnut  Street,  Philadelphia  4,  Pennsylvania 


SAMUEL  „K.  MACDONALD,  INC, 


manufacturers  representatives  over  25  years 

1531  SPRUCE  STREET,  PHILA.  2,  PA. 

T#rriJo/y;  i  Offic0t 

Penntylvonia  •  New  Jersey  |  Pittsburgh 

Deloware  •  Morylond  I  Baltimore 

Virginia  •  West  Virginia  I  Washington,  O.C. 


EMPLOYMENT  OPPORTUNITIES 


ADItKESS  HOX  XO.  HEPUEB  TO:  Box  No. 
I'ltiMftifitd  A<tc.  Oil',  of  thiM  publUation. 
to  offirr  H^artut 
SEW  YORK  36:  /*.  O.  Hox  Ji 

CUiV Aiitt  It:  iio  S.  Mirhiunn  Are. 
8AS  FKAXrtSt'O  4;  «8  Pont  St. 


ENGINEERS  5.  »% 

^  WHY  SANDERS  PROVIDES 

REAL 

OPPORTUNITY 


SLUING  OPPORTUNITY  AVAILABLE 


Representatives  desired  by  manufacturer  of 

In,lustrial  Flerirniiir  Instruments  and  Con¬ 
trols.  P.O.  Box  H2  16.  Tulsa  l.*i.  Oklahoma. 


SELLING  OPPORTUNITY  WANTED 


Rrominent  Sales  Engineering  Agency,  Inter- 

e.steil  representinit  K<iui|iment  Manufacturing 
to  their  O.E.M.  and  Airline  Customers 
throughout  Mid-west  and  Southwest.  Facili¬ 
ties  brochure  available.  HA-.'iTO.'i.  Elec¬ 
tronics. 


MANUFACTURERS 

REPRESENTATIVES 


IN  THE  ELECTRONIC  INDUSTRY 


OROWTH 

•  From  1 1  men  to  1400  in  only  9  years  — and  still  growing 

•  Gross  sales  increasing  steadily  — $17  million  in  fiscal  year  1960  — 
with  S0%  increase  projected  for  1961 

This  means  new  opportunities  year  by  year  for  forward-looking, 
ambitious  engineers 

8TABIUTV 

•  Backlog  of  $50  million  at  time  of  writing 

•  Most  of  the  company's  developmental  work  and  specific  products 
are  in  areas  of  the  electronics  industry  where  overall  growth  outlook 
is  good  — military  systems,  automatic  assembly  and  microwaves’ 
instrumentation  and  control 

Long-term  assignments  assured  on  a  diversity  of  contracts 

REPUTATION 

•  PANAR*  radar,  FLEXPRINT*  flexible  printed  circuits  and  TRI¬ 
PLATE*  microwave  products  paved  the  way  for  new  prime  con¬ 
tracts— $30  million  worth,  primarily  for  pr^uction  of  electronic 
systems  that  have  emerged  from  the  company’s  research  and  devel¬ 
opment  programs. 

Increase  your  own  krwwledge  and  professional  stature  by  working 
with  men  who  rely  on  new  technical  concepts  rather  than  tradi¬ 
tional  approaches 
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About  Classified  Advertising 

Confocf  The  McGraw-Hill  Office 

Nearest  You 

ATLANTA,  9-1375  Peochtree  St.  N.  E. 

TRinify  5-0523 

M.  MILLER 

BOSTON,  16— Copley  Square 

congress  2-1160 
M.  J.  HOSMER 

CHICAGO.  11 

520  No.  Michigan  Ave. 

MOhowlc  4-5800 
W.  }.  HIGGENS 
CLEVELAND,  13 

1164  Illuminating  Bldg. 

superior  1-7000 
W.  B.  SULLIVAN 

DALLAS,  2—1712  Commerce  St., 

Vaughn  Bldg.  Riverside  7-5117 

J.  GRANT 

DENVER,  2 

1700  Broadway— Tower  Bldg. 

Alpine  5-2981 

J.  PATTEN 

DETROIT,  26-856  Penobscot  Bldg. 

WOodword  2-1793 
P.  HAMMOND 

HOUSTON,  25 

Prudentiol  Bldg., 

Holcombe  Blvd.,  Rm.  W-724 

JAcLson  6-1281 
GENE  HOLLAND 

LOS  ANGELES,  17-1125  W.  6th  St. 

HUntley  2-5450 

W.  C.  GRIES 

NEW  YORK,  36-500  Fifth  Ave. 

Oxford  5-5959 

H.  T.  BUCHANAN — R.  P.  LAWLESS 
T.  W.  BENDER 
PHILADELPHIA,  3 

Six  Penn  Center  Plozo 

LOcust  8-4330 

H.  W.  BOZARTH— P.  PASCHALL 
PITTSBURGH,  22-4  Gateway  Center 

Express  1-1314 

P.  PIERCE 

ST.  LOUIS,  8-3615  Olive  St. 

JEfferson  5-4867 

SAN  FRANCISCO,  4-68  Post  St. 

OOuglos  2-4600 

R.  KOCH 


CIRCUIT  DESIGN-SENIOR  LEVEL 

Particular  emphasis  on  transistor  application  to  analog  and  digital  techniques; 
data  handling  equipment;  audio,  video,  RF  circuitry  and  switching. 

SYSTEMS 

ECM,  Radar  and  ASW.  For  theoretical  studies  and  hardware  implementation. 
Through  Project  Engineer  level. 

PACKAGING 

For  both  airborne  and  ground  based  equipment.  Experience  in  vibration,  heat 
transfer,  printed  circuit  techniques. 

TRANSMITTER  MODULATOR  DESIGN 

To  contribute  to  the  design  of  the  Eagle  Missile  transmitter  modulator.  Experi¬ 
ence  with  modulator  or  transmitter  circuits  and  system  design  of  oil  immersed 
and  dry  designs  on  light  weight  units  of  ultra  reliability.  General  experience 
with  vacuum  lubes  and  pulse  circuits,  high  voltage  design  and  magnetic  circuits. 

TEST  EQUIPMENT 

To  design  and  develop  test  equipment  for  both  manufacturing  and  research 
and  development  activities.  Go<^  knowledge  of  pulse  and  low  frequency  circuits, 
switch  measurements,  sweep  circuits  and  the  principles  of  pulse  doppler  radar. 

RECEIVER  DESIGN 

VHF  electronically  scanned  airborne  receivers,  filters,  problems  in  spurious 
response  reduction  and  multiplexing. 


Pliesi  tuUress  your  iusuiries  to 
Mr.  RoUnd  Hood,  Employment  Meneger 


NASHUA.  NEW  HAMPSHIRE 
•rttittMvd  u.s.  traRtaurk  (Icss  than  1  hour  from  downtown  Boston) 
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ELECTRICAL 
NOISE 

Just  Published. 

Here  are  the  facts 
about  electrical 
noise — how  it  origi¬ 
nates  In  circuits — 
what  terms  describe 
It — how  to  measure  It — ^how  to  desigm  cir¬ 
cuits  to  minimize  its  undesirable  effects.  The 
physical  nature  of  the  various  sources  of 
noise  are  described  qualitatively  as  well  as 
quantitatively,  mathematical  techniques  are 
explained  as  needed,  and  a  discussion  of  the 
relation  of  signal  and  noise  in  communica¬ 
tion  systems  is  included.  By  W.  R.  Bennett, 
Data  Communlratlons  Consultant,  Bell  Tele¬ 
phone  Laboratories,  Ine.  270  pp.,  105  Ulus., 
$10.00 

ELECTRONICS  AND 
NUCLEONICS  DICTIONARY 

Just  Published.  Here  are  definitions  of  over 
13,000  terms — accurately  and  clearly  de¬ 
fined,  ranging  from  television  to  avionics, 
from  nuclear  engineering  to  space  elec¬ 
tronics.  The  book  labels  synonyms,  depre¬ 
cated  terms,  and  obsolete  terms,  and  it  cov¬ 
ers  spelling,  hyphenation,  and  abbreviations. 
By  N.  M.  Cooke.  Cooke  Engineering  Co.; 
and  J.  Markus,  Terhniral  Director,  Dlrtlon- 
ary  Department,  McUraw-HIII  Book  Co. 
Over  13,000  terms,  452  Ulus,  and  diagrams, 
$12.00 


FIELD  THEORY 
OF  GUIDED  WAVES 

Just  Published.  Helps  you  effectively  apply 
methods  of  analysis  to  a  wide  range  of 
problems  associated  with  the  increasing  use 
of  guided  waves  in  today's  fields  of  com¬ 
munications.  Provides  a  full  account  of 
waveguides,  transmission  lines,  and  other 
waveguiding  structures,  as  well  as  of  wave¬ 
guide  antennas,  and  coupling  apertures.  Im¬ 
portant  mathematical  techniques  essential 
to  the  analysis  of  these  devices  are  pre¬ 
sented  in  detail  and  Illustrated  with  worked- 
out  solutions  to  scores  of  practical  problems. 
By  R.  E.  Collin,  Case  Institute  of  ‘Tech¬ 
nology,  603  pp.,  220  Ulus.,  $16.50 


THE  CRISIS  WE  FACE 


Tit  ilmtl  Iruth  about  what  auto¬ 
mation  it  doing  to  our  economic  ^ 

tjitem  and  bow  it  afects  our  military  power. 
Two  experts  analyze  the  situation  and  discuss  the 
needs  and  possibilities  for  change  in  our  technical 
and  organizational  policies.  A  ttartling,  thought- 
provoking  book  by  G.  Steele,  and  P,  Kircher, 
S4.9S  • 


^  Autimation  and  the  Cold  War 


10  DAYS-  FREE  EXAMINATION 


>  I 

I  McGRAW-HILL  BOOK  CO,  INC..  Dept.  L-12-2  ■ 
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From  a  miniature  'A  watt 
resistor,  rated  at  250  volts, 
to  the  100  watt  resistor, 
rated  up  to  125  KV. 

Tapped  resistors  and  matched 
pairs  also  available.  Low 
temperature  and  voltage 
coefficients. 

Few  can  match — and  none 
can  exceed— the  stability 
and  performance  of  rpc 
HIGH  VOLTAGE  RESISTORS! 
Ask  anybody  who  uses  them. 

Tolerance— 1  5%  standard. 
10%,  5%  and  3%  available. 
2%  in  matched  pairs. 

Further  information  or 
engineering  assistance 
gladly  supplied. 
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IMMEDIATE 
OFF-THE-SHELF 
DELIVERY. . . 


DAVEN ! 


Standard  switches,  adjustable  stop  switches,  ceramic 
switches,  subminiature  Series  G  switches  .  .  . 
available  for  immediate  delivery  from  Daven  or 
your  local  Daven  Distributor. 
This  solves  your  problem  of  obtaining  Daven  precision 
rotary  tap  switches  overnight  ...  in  breadboard, 
prototype  or  production  quantities. 
Write  today  for  complete  listings  and  technical  data. 


G«g«ral 

I  Mills 


DAVEN 


SWITCHES 


COMPANY,  Livingston,  New  Jersey 


TODAY.  MORE  THAN  EVER.  THE  DAVEN  ®  STANDS  FOR  DEPENDAIILITY 
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HOW  RCA  DEVELOPS  ELECTRON  TUBES  FOR  INDUSTRY 


George  Rose  just  won’t  sit  still.  As  head  of  Receiving  Tube  Advanced  Development,  it  is  George 

Rose’s  job  to  direct  the  exciting  activities  of  one  of  the  most  imaginative  research  teams  at  RCA.  He  is  an  able  and  dynamic 
chap :  always  on  the  move.  So  it’s  not  surprising  to  find  him  not  at  his  desk,  but  back  in  the  lab  pursuing  his  first  love :  the  practice 
of  shirtsleeve  science. 

George’s  multiple  abilities  guide  the  work  of  a  group  which  fairly  pops  with  new  ideas.  Recently  he  turned  his  staff  loose  on 
the  problem  of  developing  a  modulator  tube  with  exceptional  isolation  between  inputs,  good  linearity,  and  high  sensitivity. 
What  emerged  was  an  innovation  in  tube  geometry:  our  new  7360  Beam  Deflection  Tube,  one  of  the  most  significant  con¬ 
tributions  to  single-sideband  operation  in  many  years.  With  the  7360,  engineers  can  now  design  more  efficient  SSB  circuits 
with  fewer  components. 

The  work  of  George’s  group,  which  has  also  been  responsible  for  such  electronic  milestones  as  the  nuvistor  and  the  ceramic 
metal  pencil  tube,  is  another  phase  of  RCA’s  broad  continuing  quest  for  finer,  more  reliable  tube  products  for  you. 
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RADIO  CORPORATION  OF  AMERICA 

Electron  Tube  Division  Harrison,  N.  J. 


For  Informotiorr  Coll — 

NEWARK  2,  N.J.;  744  Brood  Street  •  HUmboldt  5-3900 
DETROIT  2,  MICH.:  714  New  Center  Building 
TRinity  5-5600 

CHICAGO  54,  ILL:  Suite  1154 
Merchondise  Mort  Plaza  •  WHitehall  4-2900 
LOS  ANGELES  22,  CALIF.:  6355  E.  Washington  Blvd. 
RAymond  3-8361 
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